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T1w currell! medley of im eroperability l-'ro locols is potentially problematic. l';ach protocol 
'" designed 0)' a difh'rent you!'. e,l.(;h provide, a single Sf'Ivic<" ami Ita, il" own ~yntax 
lind vo~"h1l1 arr_ Popular prof(){'ol, snch 8-' RSS a,p rlf'Signp(] with "imp]" IIml P(I.'Y (0 
ull,lel'stand documematioll, ",-hieh is a key faclor [or (he high adoption levels_ Bul the 
majority of pmt.(){'ob an? w mpl<,x , lllflkinj(' t h"Ill rplativpj,' difficult for PWI'.TaIllIIlP'S to 
llnrlprstand and impWlllPnt 
This reS€al"ch proposes a possible I1ew diwd ion [or high-k'\-.cj iulCl'Ol'crabilily pl'OlOcols 
de"igu. 
Tl,P High-l<'wl Intprojwrahility Protocol Common Framework {H IP-CF} is dpsign",,1 
and €vtJua(",::] as a l-'roof of COllL-.c1-'1 d Wl if inlerojwrabili l.l is mack simpler, then il can 
iIlC[P"W ",:I0p1.;OIl lcwk makiIlj(' it PH"i"r for pro:>;rmnmPT8 t.o llnrl"rntanrlaIlrl impl",wc!lt 
prot O<'Ols, 1 h",.pfoT" lpllrl ing (.0 mOl'" int frolwrahl f s:;st em8 
HIP-CF is !lot 8uggL'><ted ,~, the alt.eruative lo Currem jlwdudion pwtowk HaLhN il is 
""AA"",t.P<l t.hat th" rlffii!l:n IIpprOilc], t"k<>n by HlP-CF can 1w "ppliPrllo ot il.". prot<){"ols, 
and a lso lhat a suite of s impler pwloc-ols is a bet tel' solu tioll lhall various simple individual 
protocol<;. 
Ev"lllation T€Snit s silow tl ,lI! CUlT€nt l"'otocols C"ll h€ wbsl"ll liall, improved on. Thf8e 
illll'l'O\-euwnts muld ".nd lIllWIJ<C should hc lhe re",ull of u decper unaly,is of Lhe goals 
of torl"y's protomls IIn rl IIlso " cdlahomtion IImon)(m th" rlifffrfnt j(TOllpS 111M d psi)(l1 
high-lfwl int€rop€rability protocols . 
Thi, rC'Searcll pre:;<C!lts a lIew apPw1J.('h und su~~ts futme exp"rimemal w ""urch options 
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The aIllollnt of dat il. ,mlilll.hle onlinc illCr<"~"" OIl II. daily ha«is1 Il.Ilrl the digital Jihmri"o 
mmmunity works to prespn:", t hat da ta and allow US'''rS to a<'~""q it a.s ~a.'il)' 8.S jx.ssih\p. 
Acoe,,~ to online information tan Lo", enlmnce<J by alluwing helerogenffius data providers 
to int<'ror><'ratc (Olmmnnimtc and "xchange datil. among,! t,hcIll"el\,,,). 
This kind of intPTCljwra hilit} is f'Ss"Iltiai in many ~omnl\miti"": an pXIl.Illpip is th~ hpn~fits 
t hai iu!cropembiJit, .. HJIlOll1', lIJ<'dica.l nx-un! "y"[eIllo would have (0 a oo ttor treating a 
pmient for t hp first tim~ Tu"tpll.d of wlying jll'! on th~ pati~nt'" m~mory, th~ doctor 
oouJ<1 haw ar~-ebO to (he patient 's eompiele medical histury, lhu, loei ng aiJl~ to provide a 
more accurate COlin'" of trea/ment. 
('urrputly thNP arp ma.Il~· prOlo~ol' that fad li tatp intprop<'rabilit~, \wtw""n spipn.., at 
various levels of L'Ommunit!l.tion. Som!" ar!" simpl!" and tan l><' es.' ib' impIAm!"ntf"'(1 hu t may 
lack ,()mc cl!i~iPIICY whil~ oth ~n; arp "Arv pHici~nt aml jno! as compkx [13]. Newrthdess 
lhpy haw i.>f><>n ablp 10 providp ill\.propprahi li ty for \\'ph r~somcf'S _ 
1.1 Problem Statement 
Th~ curr~nt 8~1 01' prot()f'Ols alA ARCh ~reated hy II. riiff~rent groUP/cOInmuni (~', (hpy PRch 
provide a single main service. and they all ha\'e dirr~r~nl byn tax and bCmantirs and thel'<"-
fore work tllff<'rellti),. That Illl'\" create iJllplelIlcntatioll d iHimlt iu; for pwgmJlllIlCIo. who 
in most CR"'" hm'~ to r~lI.rilnng allri ~ompl px ri()cllmpntation"_ Th""p can he f'Ontrihllt;ng 
factors to wi!)' wme protocul:, haw lower adoption m(l"S than oth('!'s_ 
"laybe illt",rop erabili t~, 'lllri arioption rat,,, CII.Il I", imprm,x:\ if t. hc pro!o('ob arc :;implified. 
Ba.""<i on th~ numbpr of us~rsiadaptprs. il is quitp d~ar that t h ~ Rpally Simplp Syn-
ditation (HSS) ib t he must pOpUbl pro tuwl It. The high populari ty of HSS ",>ems to 
be linkeri to thc simplicity of l:hc prot ()col 'lIlri the '''1><;>' implemcnt.lI.t.ion of 'lll RSS f,~x:\. 
Thp sp()('ifi~ilt.inns ilfP Pl'PSP11lM ill sh()rt ",n<'l simplp dGP1JnlPnts, that shoulri not t-ilh a 
wpahle programm(,r mare than a f('w halll's to implement. 
Looking at the HSS model it it, easy to tl&Ume that it may be possible to impro..-e 
interuperabilit y by :;impli fyillg the pro tocols. 1'0 that eml "ullld it nat be ewn bd tel to 
simplify an high-level illteropeI""bility protucak ami ha,-c One :;impk sllite of protuwls'l 
B~.- aririing ~onsi:;ten~~', it is "",slIm,,,l that if it is "imple to implemcnt. nllc pmti~lllar 











protoc"l. it IIW,,. be HVPIl ~iIllpler to impleml'nt lhe lJe,:d Olle wilh miuimal jIlnl'ml'Ilbl 
work. The possibility of im1JTOvemfnt "<lm~ from thp wemiSf t.hat if protocols h"d morH 
in COlllIllOll ie ,,1)uld 1><.' easier to pnwide Hohlliollb to in(eropem,bility 1-'rolJlem" 
AllQther prohlem wit h complex pTQtQrols is t hilt EQrn,' a.(,f\dem i~ inhTirmiQns, lind ~Wll 
priv"-te lind nOll-governmental orgDllisatiolls in clfvelotJill8 ('QUilt rie> lllll)' struggl ~ to afford 
the IlOCl'Sh<J.CY finllJl(:ill) Hud ~kilb:l humull [(-'>{)urn" required for thl' implementatioll und 
IllHimfllHnt:HjEUp)"}(lrt of EllCh protc>(:ok This iner~a"", the di0tal di,'id~, <J.Ild n~f\t", a 
~ven biUff gap that leaves behind those who roulrl pot~ntial1y lWllefit the most from 
greater interoperability. In the ciewlo1-'ing worln interoperaOilit)' h8.~ tlw 1-'Otential to 
indirf'<:t1y help soh ... ma.ny soeio-f'<:onomie problp~IIS. for e.."<J.lIlpIH illit...nu:y, b:-' ~ivinb\ 
]JA(l]Jl~ 8 d'8IJrP at a betlPr e<iurat ion through "rrfSS to the 18t("t intprnat ional r"""ard, 
output [11]. On~ exillnpl~ of II syotem that Ca.n bH llsul [01 [>Uclbl~ iIllpro\"enwnlo 011 
the Ie,'..! and fluality of ~dll(:ation is the Cr""nst()n~ Digital Lihmry. Cr",,"~tonp ".'l it 
is l'DnulJonly knOl>;JJ iH a comprfhensive systeIll for tlw constru~tion and ]Jfl'8l'nt"tion 
of inj(JrInHtion ~olkd ions -00-, T his S)-,St.PIll aU",,,; for eoUp<-i.ions to bH pr!";Pntru ''''IT 
th~ \\-"h or in iI CD-RO\ !. Us~rE can in H pasy and m<."'t l)' mnomat(~l milllller (",pat" 
'lnd maintain colb~tion8 of resources thM can be R.Ccl'S6l'<:l lo)' br01':sing and/or Sf'arching 
Gl'-'Cn~tonl' "at~rs for di ff~r~nt doeuuwnt llnd llll'tooata fom",l, llnd allow~ e\~n more to 
he supportpd wit h t hH dewlopmpnt of plugins for n~w formaT s. By support ing t iM' crpilt ion 
'lnd Ill"inknan~e of collfftiol1S of fl'Wurl~, thf "bility to im]JOli new documents, rff"tf 
plugins. autmnilt icHlly <:rPilk browsing and Sl'HH,hing strueturl'S [WIll thp dO<:llIIll'nts Hnd 
O1h~r f~aturf'S lhat rl'<:luce and 8implify the amount and complpxity of work donp hy 
syolem lldministmton; Grc"-'IlStonl' eould po[pntillily ]", U", btartin~ [>oint for illbtitutiOllb 
ilIld individuals i<.>oking to maill1.RiIl t,hpir di~ita.l data eoU"'-1 ions n,!,:urdl<'hh of t hl'ir limil~d 
rl'8()Ur~ffi_ 
1.1.1 Simplicity Success Stories 
Some projl'cts h<J.ve Illanagl'd 10 gf(~\' "-Ild S\lfviw ~I'@ in v~ry competitiw tillles_ Some 
of thp SllC<:L'SS of rhl'SP proj"'-is "'1Il I", attribllt~d to t.hl'ir siIlljllisti~ approadl. 
1.1.1.1 Gougle 
C,oo!';lp's success is attrih'lted to a numlwr of fartnrs: tlM' most. rpl~WLnT onps h~r~ arH 
a oimpliotic approa~h to Ilser intl'rfllce dl"a~n, innovath't, bUoiness modd and [o~u" on 
prm'idiIlg thp l><'8l possiblH user ~XperiPIKH. 
C,ooglr slartro as a S<""rrh fngine "nd, th~y h",l to compftf for m"rk~t 8dvantagH wit.h 
wfll estllblished brandb llt the timf, such tiS Aluwiota, Googll''> tedlilological inno\·"tions, 
simple int,'rfrn'e. and smist\-in!,; uspr L'Xp~ri~Jl('" mHde it, iI strong mmkPl, eomp~titor alld 
lIlt im8-t~ly the numr.er one Sf'arch pnginp in the world ]2 11_ Altal'is(" lo"t popularit)' ilt 
llround tlw tirn~ GoO',',Il' start~d b\llininb\ lIlarkl't ad\-anla.b\~. and (hi, wtiS attributed to 
alllongst other things IllismanagfIllfnt and portal related dUlter [%1. 
AnOl.lwr tiSpoct o[ the Googk lllodd that i:, rde"aut [or Uris r'-'>Hurch Is how Goob\le hal< 
Crt'ml...! a buile of ~e[\-in". They l!Hl'e mauu.gl'd lo n~al~ II ()]ll' stop option for IIllllli pl~ 











S/?f\;r!'S mfl.y hi? disoontinllE'il (~-Il;- G()()~,1f' \Yaw WI\., slm! rlown in April 2012') th .. inp" 
and COilc<>pi of" suile uf >;elyices has t-n workil1~ well for Google. 
A ~l1jt" of ",eni,,,, us oJlI)()S(xi to individual ""rvi~,," is var, of th" "Pl'roa"h proJXNX! 
hPIP, 
1.1.1.2 Projf'ct. Gllt.<"llhllrg 
Proj('<:t Gnt""I)!'rg is a volllnl<~'r project thac creal"" doclronic vel'hlOIlH o[ lileral'.I' mu-
l~ri,,1 to hf. fl"f'f'ly rliRtribllt<'<l worlrlwirlp [70j. It is one of th" oldest digital Iibrari", [,)R]. 
amI the first to proviclp ["ff pj<'<'tron ir book> (<'books) [m-, 
Like lhe framework propC>M<l here. a.ud Google'~, Project Gutenberg Rlso pro\-iclffi a 
<:ombinatioll of rlifkr<'ut ~"rvio,:,;. III addition to <:r<'Htiur', elc<:tronK: w[sions of hookH. 
th~y "bo r Ull pro je<:t> such as [(N' 1 hf' distrihlltPd proofl"f'a.rlin!'; proj ,,<:!; where ")Junta,",,, 
proofread new .. books [.'i8]. The oh""", music I'roj€'Cl. where \'olunt .... rs digitiSl.' public 
riomfl.in Rh""l musk. which iR Jl<'riodieally riistrihlll<'d for p"CRona! \Jil( ' 'lllU at Iibmrie" 
awl ochool.~ by ,he CD awl DVD proje'<Ct: alld there is fl.bo the fr"" kindle boob proj~t 
that gi"", I\i",lle u""r~ a(",,,,~ to IIlOt;t of the books in the Gutenb<>rg colle'<Clion. 
ProjE<:t Gut f'nbprg works l>f'<:allS/? it· is a commlmity dri\~'n proj('d that r(,<]11ire" miniIIlal 
pxterna l fllnding ISI3'. It is a simple >\nd consistent info rmal ion rlif',it isation proj<><:t, 
1.2 Proposed Solutioll 
This ]"ffif'arch propoo<.'S the dpsign of an PXI)f'rimpnt al proto('ol that "'mbi",,, RimplKi1.y 
anu dlidency to improve olJ i"tel'Operubility. o~' combilJing \'lU'iou" high-lewl interoper-
abilit.y ",,"yk,,,,, into one sin)';lr 5lli1." of proto,:oIR thfl.1. supports only tb,' minimal re<.J.uinxi 
fUn<:tionfl.\ity without compromising eflkipnc: •. 
Thr proposed wlmion is b,,«<'<l olJ the hYl'oth"""" thtu if pl'Otocob were simpler a"d had 
mow in (COmmon, it w"oll ld b" "":lier soh" imeropcr oility proLkn~~, 
It is important to stress that lhis r..,..,arch do"", not Sli)';f',""'t that protO<'oluSf'ffi stop ]]sin)'; 
the current. st't of pWlocols 1O a.uOl'l the ~uile pl'Ol'l6etl here. This is merely an l\tternpt 
to Rhow that there iR room fO] ' improwmpnt in thp emrf'nt Sl't ofproto,:01~ and SHIl,g"st a 
p0>siLle rutel'llaliw dir€'<:lioll [or high-le"el interor><"mbility res<?arch. 
While the proposed ~11it" will (O()mbine mnllip1c h.ir\h-1cvd iIlle[()pcraoilit), ,",,'rviee><. all 
with a mmmon and ronsist.f'nt ba.SI' protocol, "1>('11 of 1.he ",'n'ie,,,, is independent. of cadI 
other, Le. lhe implementatioll o[ one s<>rviCt" should [l>('ilita1.e tbf' implf'nwmation of 
another selTicc giwll th,' acquir<'<l common knovdedge. bul it is Ilol required that a user 
who impknwnts onp ,.,nCi(Of' mnst also imp1cnwnt 1.he others, 
1.3 Research Question 
TIlf' goal of this stud} iR to rf'-rnginffr the design of thp rnrrf'nt interop",rabilit~" prot"" 
cob lUal Jewlop It oet of specifi cation, that Cl\ll potentifl.lly improve illleroper~bilit~" by 












h i/ possible tv develop (I u"i/o.,.,,, ~uitc of ~iJnpk and elJi";"n! ;1dernp-
em.bilit!J 7'=10<:01.. tn ;m"rn"~ o n tI .. : "lirf'~"t TTwdky of prollXolsf 
1.4 Scope and Limitations 
This i, purdy illl f'xp"rinH'ntal research . The o]J,,<:iJiealioll'; I'nXllllffl by thi, re;eur~h 
are not to be 1I S<'<l a8 a pm! (1('(11. hut only H.' t hp bB.Sis [)f what hi!,:h-k\TJ int "[Operability 
pro locols can bu, 
Thp m pth(}(\Oj(})lY \L';I'<:1 j() rumple!" this rescarch work W<C~: 
St"ge 1: An "nab,sis of ",-allahl" r!'S<'arch output in th" arca." of intcwp()rabilicy ill 
~eIl''Ial. and hi~h-ltyel iIll ero)wwbility protl,,-"ols in partic-n]ar. Thp lat tpr invoj,-inf( AV-
"r)'thilli': frmn b<U'k!,:WllUd, d('~i~n J.ud lIil<' t() experiIlll'u1 8 of "xistiug pro\",-,,]s. This 
stfl.ge al80 illVO\wd writing" T~Sf'fl.n-h pmp","\ with am(m)l'st 8t. her IhiIl)l~. a H,,,,,mch 
,!Ue:;liOll lI13.' ",l~ th .. s<;ope of the re8f'ar~h. 
Stage 2: C a t h ~rin ~ of primar~,' dala diTl'rlly from l hl' UHC'rS. The re",auh method u>Kl 
for llw datil wlledioll was a su n ."y. and t h .. rlata "'fLS u"'2d fLS a fmm of user rl'quirl'm!'Ilts 
for thl' dl'sigIL 
S tage :l: Prot (}col dp,i),;n This in"ol",,] cfl'at ing t I", hp(~'ifi('at iOIh for t he' L>w,!' pro tocol 
and all >lenic''''' supported: J'.,;i Jing whic·h f~~t urf'S w .. r .. crucial for simpk ~nd {'flici{']lt 
S"J",i"", to wmk; and "'hieh fcature,; could l.., ldl out without making the p rotOl-01 Ull-
uSAbl .. . 
Stage 4: EvaJuilt ion. Thi, ,111.1'," iuwllYN rliJIurullt wars of tf'St ing t 11(' protocol d l'sigw ~l, 
and pro\;ll)( m disp rO\in)(' t hl' rl'S(,ard, qll!",tioll. 
Stage 5: \\'ritillb\ the thesis. This sta.g .. st arts with stag .. I ml(l f'<mtin u", until aikr illl 
otheT sta)(,,, arc OYl'r, )';Oi Il ~ throu",h a -;ericH of dm!" untilth .. final wr:;ion is ,uhmittffi. 
The"is Outliue 
Th .. r .. mmlld~r of this t hl'~i, is stmctmnl ,~~ follow~: 
Chapt~r ~ Ji8:U>S~S th ~ b l><:kground and cu rrr nt ,latA (}f dilf, 'wnt illi<'rop"mbility pro lo-
001,;; 
ChApt~r :l pTE'S .. n!.s th .. w",,1t of ~ USl'r hurW~,' that lI'd to th" d("i~l dl"<:i"jOllS of tl}t" 
""perimenlill proteKo!: 
Chaptl'r I presI'nts the eXp',rimentill protocol suit!'; 
Cb~I'\f'" co I'rroPllts tllt' rlitIerrnl. ways in which th,' Avaluatiolls werl' rmldlletl,l: 
Chapter (i pr .. sents the ''OlldusiollS drawn from thA wholA w""arrh pwress; and propo",,, 













2 .1 lntcropcrability? 
ImeroperHuility Ilas lUany defi.nitim18 across H widp ,pf'<'trum of rf,*arrh "~ilS_ III rom-
puler "cirnce ~"dl of them i" adapt",1 to eui, th" "'l1texl within whil'!J i, i, JdineJ. 
Thry "I'<' eimilA.r bP<:illlS(' they A.I I portrilY the samr mes><nRe of mmmunication bNWW'll 
hf'fr<.>gpn€ous 'ystpms. 
In the ISO/ lEe 2382-01 illformation todlllOlo)',)" ,-ocabula!}". interoperability b definoo 
as "dlP cap"bility to rOillmunirak, pxprutc programe_ or trau"fn dilta among Wlri011e 
fnndionnl ulli," ill n nulJ.lller that requires llw \I""r CO han' littlp or no knowlfdgp of th~ 
llui'lll~ rhara<:tnist irs of those 11llit" I "_ lutrroprTllhilit:, a,h,o ie defined as "t he capabili,,-
of diff~r~nt programs to pxdw,nge data via a commou ""t of exchilllgf formA.t~, to rearl 
alld write l.he samr file forma t.,. a.nd '" u:;e the 'illlle prot<x'Ob2" TIlis I€Sf'ardl wopts 
iI defiuitioll wry ,imililr to thr l A.tt~L H~I'<' intrroprrability is ddillloJ w;: the l'"pability 
of dilTAren( SystAIU' (0 f'<JlUlUunir"te "nd fxdlangf dillil with eA.('h othrr, 11Siulo': iI sct of 
proorfinloJ [oITnat, and protocol" tha t will allow the ,,-"[em, to U/K' et<dl other's ""Yll'ffi 
s11rr=fully_ 
SUl'l'fssful communic-alion and exclJan~f of data amI/or othn rC80urf'N> is ob1.a inahk at 
"arim" kvds of a complltrr 'Y"t~m, thel'<'fore th~r~ me diJfereUl tvpC'h of intrrop.,rabililY 
th t<l., l'an uP t<chiAWd ". dil[Ar~nt l~wls of austr~rtion. nilmely: 
Syntactic illtcrol->erability " llow" , "lems to pXl'halJ.gilJg tla,,, u,ing prc~dpfmf'fl dilta 
formal" ,md commoll cOlmnll nicalion prolocols" . ill other word" llOillg thA same syntax. 
Syntacti<: intnopnahility is a r('(juircm~nt for A.n.\' O1.hrr lrvd of interoperability to l>e 
arhipw"d. 
Semantic interoperability is lhe abilil:-' to a,,,-'uraldy illkrpre, lhe informaliou ~x­
changfd amI protlurp I'<'S11Jt.S 8i' ~"pfftHi anrl11n<krstood 1C" both partirs [1171. 
P,-a6'uHltic / functiollal interoperflbility rdiP" Oil a COUlmon set of functiollal l' rimi-
tiw, Of on A. ron"nOll eN, of S('rvic~ ddillitiollS [28:. 
Technical / has ic interoperability is ohtilinHi from 11,iu,-; common toole. inkr[a"", ,md 
infrastrud11rr prm·irli ll.'i th~ 11 9:'r with A.llllivcreal API [281. 
lISO/IEe 2J~2-Ul, IH[orrn",-k>! , T,",-hHol"::n \'ocalml<l.ry Fundamental Term, 
2hlll; ' / / en _ w ik i ped i ~_ort/ wi ~ i /T ll(OI'coper a b iii lY 










Legal interoperability is concerned with the legal illllJlicaliolls of fr~ aCl'eSH to digital 
iIllorIu" lioll " ud iIlt.dh>Ctum proprict:, righl.~ Rnd oWTlrr~ hi p i~~u"., [5 2]_ 
2 .1.1 The TmportUlic e of Illteroper ub ility 
A :>;rcat d",,] of n ,s""rch "nrk is "~rr i p(l nu t for t hp rr~~lioll Hnd p r<"8('rn.\ ion of di gi t ill 
informat ion S"stPlllS ]'hf benffits of sneh work ('1)uiJ be eWlllllOl'e jf all thos!? diITerfIlt 
systems eould work tog.,thcl' ill t he pw,."rvnlion of informal ioJl . T hi<> k\1'1 of illlcropcr-
Rbililv in digit " l lihrarv (DL) Hyst"m, could incr""s" infocm"tion ",-wssihilit :" promote 
O]Wll a~('ffi', ~llow pasi~r crA~tion of fedpmted lllftad ~t~ ~l'chivffi, improve effidpllC'Y and 
r!"<. lue~ costs [44[_ Fiuancbl eosls would be l'edu,,,,,-i l,y Si.ldn~ on deve[opIllful costs as 
"dl at< "\.O[/\)'T cost ~ ,., fe,,,,!, rq"'''t ,~1 n)('orrl~ mav h" n""-,,,,,,my (h<,<:a""" if one ~V~lern 
hs.' ~ r<"f'(ln\ l h ~t ~ u,*,r nf'f'(\s, t lw uS<'r c~n gPl th~t by Itc~ing thltt ~ystem vi ~ any 
'l11ocher s>'steIIl). 
2.1.2 Interoperability Protocols 
A Vl'Ococol is a sec or fOllnal rules chal determine lhf w'w in whkh cwo syscems COllllllll-
nicak [68]' Proco('ob can b" either Jo,,--Iew,] pro l.oe{)b or hi!';h-lew l prowoo!s, 
LDW-!PVP! prot oco!s rWfinp thp ph,.sic~ j ~nd pl"-tfi c~ I rh~ract pri~tirs of t hp commun imtioll 
[Gil[. 
Hi)';h-lpvpl protO<'ob dpfi n~ thp d ata form~ tH for m""",age ,'ncmmg amI information ((In-
tro!, 1I1PSsfloge synta;-;, synta;-; for (,mLIIJUnil'iltion l'At"-Pen dpvi("", . flow ('Ontrol " no P1TOf 
ha ndling [68], The e"lx'rimenl al P[() I ,o~'DI fr mne,,-ork proJl (JSCcI here is a high-level interop-
erabilit,. prolO<'ol t.hal works Itt 1 h ~ ~ppli r~tion h ypr of t.hp OJXlll Syst pm~ J nt prmnnedion 
(OSI) Ilflwork uwdel [G6]. 
2.2 Protocol I\lessage Exchallge 
Prot ()~"b allow s,-,;t "IllS 10 l'Dmmunicltt.e by sendin!'; "Itch <J1.h,',- m,,,,,, a),;,,s, The,." Ille"slt)';' '; 
can either be flo requesc for solllethin~ or <1 revly lO a request_ Since the lllf~sages arp 
,,,,changed hd"'-')(,Il HYbt"InS the,,- nmd 10 be IIl achille readable and elK'Dded ill It way that 
hot h p~ rtie; U lldprst~ll d_ 
High-If.'fl Web ba,;ed protocols ill'f either SOAr or ]{l:;ST based Jlrolocoo]s, 
SU.\ P it, lUI XI>!L Illcssagc~b,"wd prolo('ol for ,,,,cilltngin!,; HtnK1 1lrod illlomwtion in the 
implementation of \\'eb &"rvic<"l r~garrl l f'S'; of t. h~ opprat-in),; sv~trm amI i l!lplrnwnt. ~l ion 
environment of the ~,'stems im'oh e<l [G5]. SOAP rflies on X~ IL for message foruwtti ng 
aud On other AVplieR tion L W"'- protomls for llle""age lwgoliation Itmi lram;IIlissious, 
\ l~lIfll l y R~mote ProrAd\lr~ C~ ll (RPC) for llPg01 iw ion and HYl"'rtext 1hn~fpr Protoml 
(H' J"J' P) [24] [or transmissions, T he SOAr archileelurf ,oollt~ins diJIerent byers of spec-
ificlttions for: UlffiS'-'b~ lorllla ls, IlI!lSsa~,' "xchau~" vallems (MEP), uuderlying l r<111oI'OIt 
prolocol bindiugs, mffiS<1ge VJ'Ocl'fuing IlIodels and VJ'O I<)(.'oj ' '''iCllSibiJi ly. 
HEST or n epwscul.atiollal Stnk Tranofer iH ~n XML-h.,,,d ~rdLit"d.llf "J styl(, t.lwt in-
vok,,; \ \'"b servicc" ov",- !rrrp b,- fo('using on lh" role" of Ihe Itrchilcd..lIral cOIllI)Onelli." 
of rhp \\'eb, namplv thp origin Sf'fVpr" gltteWH\'S, proxie' Hn rl cli pnt ~ (t h~ con ~t rltillt~ 











~lelllent~} while ignoring lhe rletaib of th~ oolllponenl~' illlpl~lll~ntation and syntax [20]_ 
The term REST ,,-a., imrodllc~~i in 2000 bv H"" Fieldin),; ill his Donor of PhilmlOph" DiH-
""rtat ioll :~3]_ REST is all 1\T~h itf'<,tur~ and not a protoeot HEST ar~hit·~~tur"'l ('Oll8ist 
of a diel1t thai. IIlake>; a reques t to a serw r that rei urns an appropri1Cl~ r""ponse. fhi;; 
WIIIlll1luicat iou is I~lilt mound the ~OI1L"pt of trmlsferril1),; repre,.cutfltiOIlH of re"'JUI'~"s. A 
repr!"S€ntation of a rW)un~ is a docum~nt that d%('ribffi lh~ curr~nl stat~ of a rffi(ll1r~~_ 
A REST Llieut GUll>c in Oue of I"" stall."t, 
1. Tran,ilioning between applicHlion stat~s: a ~lient start8 senrl illg rf'(il1~8t8 \\h~n it 
is read,- to tram,itiol1 1.0 a l1e,,- ~tate , ')'Ild is wnsid ~re'd 10 L~ tran6itioning states 
,,'h~n on~ or mor~ rf'<l ll"'lts ~r~ ()ut8t~!l(ling; 
2, AI rl."I,; il1 this st"te \l~ dienl i~ aLle to il1l ~racl wi th its users bUl cannot crealP 1\ 
10",1 "nd do"" not ('Qll" llme flm' per-die.t1t st.ora)';e OIl the server.-; or ou I he I~I ,,-ark. 
The World Wide WeL (\\'\\' \\' ) i lllpl~!Il~ntation i;; an exmnple of a syst~m , Ix:>&>ibl)' t h~ 
I"rg"'lt 8ystPIll, that eonforn18 to t il<' H EST 8ppeificM,i<1ll', SO!Ile of the "xist iur', hi)';h le\iel 
protocol" In",d oultEST ,C[e, HSS, AtOIll, APr, OA1-P/lIH and OA l-ORE_ 
AC('Qrclillg to th ~ IIlcdBi< jllitOllS p"per "[(uowiur', \\'1"'11 to llliST: Simple Obje~ 1 A~ce8S 
Protocol \s_ Hepresentational Stat~ Tnvder W~b s"n~(,"8" [78]; SOAP iH I,.,tt pr su ita l 
for adiv ity oriemed ser\iices such as Iransferring funds or hooking a fiight tickpt ""d 
REST i8 h('I\L'r sllitt,.-j for '''"Ollr,'' ori(,nt.(xl ",,",,i('L'S that a!low dilIcl'cut operations to 1-"" 
applied 10 a dilt3Set or ohject , A r('",ource is in format ion that ha.~ flIl i.-\emificr (URL) 
" nd ~ reprpscnt.fltiou (a '\'eL pit),;")' 
&}]j~ of the mOO, uotaLle il1l,e.t'o]X'rabili t~· protocob are dioc118sed below, for synrlic"t,ion 
RSS flJl(1 Atom, for SP-flrdl n~.5 0 ~nd SRlJ; for han-eotillg OAI-P/>,IH, for L'<.liting and 
puhli,hing as w~ll as dpscription and ~xchange APP " 1)(1 OAl-ORE ~ ",i SWORD fO!' 
depc"it. 
2.3 Really Simple SYlldicatioll 
Heally Simple Syndication, comnlOll l)' knowil a., HSS. is ~ n XII IL- ba."-f<i \\'eh couWIlt 
synditaliou sLmdard that periodically dle~ks WeL sites in ","'!l'ch of l1pdaled content 
thaI ;8 t.h ~n d ~li\'l'red 10 8ub",<Tilwrs (IDohile fllld/or dft\klop rle,-i~",,) throllr',h ,1.11 HSS 
fl'!"d [741110]' 
2.3.1 Syndication History 
The d~\'€lopment of ItSS im'olwd th~ work of some of thp \\'pb synrli('Mion pion""!'"-
From /\Imch 1m to II Iardl 2(()~ BSS IUk' had a l.Oen] of sixteen published wrsiollS, 'j'h~ 
firol VerHiOll~ of RSS, thell kuowu as RDF Sile SumIIlary, w,., l'uLli,lwd Ly Netsc!lpc on 
rhe 15th of lllardl 1m. The ~lIthor ", .. , H.lllllflllat hm1 Guha, oue of th" Lo-aulhors of 
Iller, !lnd \\,11., ca.11f'd R SS 0 00 In ]- JU81 :J moIlt h8 1m l'r, :\ ct""~P" pllhliHh"d It dllUlr',cd 
"€rsion as RSS 0_91, d!"5ign('(1 hy Dan LibLy, in t hi8 thi8 wr8ion rh~ RnF plpln<'n ts of "w" 










r,.pl",x'<i h~, Scri pt illgN('w~ s-,",l(jimt. iou formm. "mj it w,~~ T<'u"mDcl to Ri"h Sit.e Sllmm"n'. 
Tlw thild \'cI~ioll , ~till called HSS 0,91, wi.J.b published in July 2'00U. This ,'ersion was 
(ksigu('<i by Dm'(' Wiu('r, r,.~p()n~ihk for ~;nip1.iug);"wH mId p11bli,hecl b~, l;,. 'rumd, wlj() 
also puulisll('d fi SS 0.ll2 in 20JO anel latpl' [(55 1.0 in '2iJO'2. It W"" in RSS 0,92 that tIl(' 
cndosure dement w3:l introduced , ,lu,l ,,!lowed llSS fC'C'ds cO can}' al!dio fifC'S and was an 
importfmt tool in tlw (kvdopment of p<><iCI\.,tH [9il]. 
In l1€;:pwoor 201)) tlw RSS-DEV Wo rking group r~l pa.Sf'd [(SS LO a version that int m-
ducC'd " ullm\",r o[ ch>Ul~L'>< ~uch i.J.b: t he namC llDF Siee Summl1ry was rC<'bimod as 
811pp<)rt for RDF 'VII.' reintroclm:O?<l, ~l1pp<)ft for XldL nmm"pmx's, fl.l1(l flclol't iou or th,. 
Dublill COlC mdl1data fOlmai [98]. 
]l,SS 2.0 "'I,ioll 2,0.1, WI~' l'ublishDe! iu 2003 by the lIar\'ard Law Sellool »nd once a~ain 
W8.' authored by Daw Winer and rhat i8 when the nam,. R('al l ~- Simpk Smcli("mion "'l~' 
[onnaii>Lx\. All the sUOsL'<!ucm vcrsions [row July 2003 to " larch '200\l w~r~ pllbli8hpc:l hy 
the RS-'i Aclviwn' Bom-clc, ," group 1(lIIl",1 ill .l\ll:-' 2003 to mainwin HSS 2,0, Tlw group 
publi81lf'd tllP v~rsions ranging from RSS 2 ,0.1-IT- l to l,he ,'mn'nt v,.r~i(m 2.0.11, whi"h 
w&; published ou the 3U o[ "larch 20)9, 
Eadl Sll("C=;\'~ 'l'fHion of th" protocol "im<'<i !ll impmvillg issn", ill it" 1'Inl, >CL'><soIS, 
but that was not alway" Wl easy tusk 8.' eliffprpnt versions w~r~ pnhh,lwn h~- cliff~mnt 
groll!," (f~' Ih",' "l",ttbl"' for of!ieial cl"im o[ the HSS [ormal) aud sometimes tlmt llwant 
making eha lIgl'8 Ihm wprp not necet<'<arily improWIJH'utH, for "XfUllpk U,,' bud »lld 1')Ieh 
introduction "nd rcwoval o[ RDF ~lC'wents lnPntioned above. In term, of int prol*ra hilil,y 
oue kllowllpwblC'm with llSS i" llmt althongll thew is no liwit to the numoor of iteIl18 in 
R fred. 80ll1e npws aAAr~",alorH clo not snpp<>r1 RSS Iii<,; laI!\er th"l1 150hll a!Hi tl" ,r<'i(J['(' 
it is better to kL'Cl' the files size l!ndcr J.'iOK R [\lS]. 
2.3.2 H ow RSS works 
RSS provide,; ,u\J;;nib"rs with "11 or~fl.llicl",-l list o[ llotifications about lWW' and updated 
\\'eb mn1.('nt [il2]. Th",,(, li~t8 " r" ("!lIke! RS-'i dlfUlll"b or f",d~, A chwmd C<Jllsis,s of 
" number of cntries, w'hkh can be ncws headline;. full-text arti"I""" art;d~ excerplH. 
we»tlwr ICpOlI,~, l"><icasl-s, etc, Eaell wntains »set o[ llle\adata plelllents P.g. titlp, link. 
e!"sniptiou [75]. A f",'fl e>ln bp a""css('<i h)-' !In,H'' H' who i" ;11Iel",,,,<1 ill ti,,' cOlltelle it 
pw\'idC'S. )l.laintaining an RSS feed in\'oh""" cff'ating an [(55 dOCl1m~nt (an X" !L ~n("()clecl 
lile) 1.h,,( i, \\'(,h ,,,'(;,,"sihl,, 1.0 11.SS rt)')'P')'fltOlcl. 
An RSS aggrpgation or RSS r~a.dpr i8 a mmplltpr pro)';mm th"t on "regnl"r bl~,i, "-l1IH-
JIlalically a('C('SSL'S B,SS feftis iu ""arell of Upd»tl'S, which »re then presrnted to sl!hocrioors 
with th(' Iln,t n~,ellt ('Iltli",; "t th" top o[ Ih" list [82], I[ "11 il cm that i" of intercse to a 
8uu"l"rjbpr is jl1llt a HllIl1Illal)' of an ~ntl'r. the sn oo("r;b~r ean follow lhe link to lVX·'''., the 
cOlllplct~ ~ntl)·, Thel'P is a wiele range of awegator8 ava ilablp. SoIl1P "wegators an' a"-
CCOM'U ehwu~h » browser while otheI" lIlU i.J.b stl1lld-aione lhppiieations on the suOocrio.,rs 
clevie"s, 










2.3.3 fiSS D ocument. 
An RSS documeut i~ an XML file (hat confon", to the ItSS jJrotocol "jJedfin,tion, aud 
XI>IL 10 sperilicat.i()ns "" r<'<-'()mmpwlp<j hy the W()rld \\'i<lH \\'"b COIlhortlUm (\\"3C [%]l 
[741, ~"" figur~ 2_1. The drK'umem ,tans with an X/IlL df'Claratiol1 [ollo"'f'd by the <N-'P-
dement, which contains II", Illamlawc) attcibute WC,iOll [74]. A more reeeut version of 
RSS d(),.; not invalidate th~ pr~yiolli' ()Uf'S: th~r~fore the mtribute wrHion is mandatocy 
be('ause it S))f'rili<';l whi~h wrsi011 of HSS thp d(K'llmpnt eonforms 1.0. For eXUlnpk, if a 
docnlYwnt eonforIll~ to the current yer,iOll of ass, the allrihwe versiou "ill have a v~ lllp 
of 2.0_ 
?\ext is the <channel> element A document only can haw ()JlP chmnwl, which wntaiIlh 
Ihe inionrmtion abouttlw challud ([jjetauata) and i,s oolllents [741- The ~hal1npl plpmpnt 
has" SPt of mandatory and ()plional S"h-pjPIllPIll'; [751 (ROC Avvemlix AI. 
A channel rontains one or more items_ An <itPnD ofv>n rpprewms a stor~i, UllU Can h",-~ 
one or moCe of the ojJtional ,nb-dement, 8hown on taNe 2,1_ 
An iV>nl can I", '-' cOlllplde story, wh"reby the link dement i, olllittoo, oc B pM,i~1 story, 
which has a link to the resourC'<" thM tells thp ('ompl,>t,> story. Although all the clcnwn\." 
o[ item ille ovtiouaL w, item should alway~ have ~ither a tit Ie or ~ d"",:ription_ 
El~ment D escription 
titk I'he ,itle of the ilem, 
lilLk Tl", CR!. '.hal ii"b 1.0 I.h~ il.~jjj 
dpscriplioJJ A summary of thp i'PID'S (>Jlltent, 
antbor T)~, email addrc:" of t)~, author of Ihe itelll 
(,,,t~p;or}" One or IIlore c,,,IPp;ori,,, 1.1",1. 'hp il.~IIl b~lnn~s In. 
('njjj""'TLI., Th~ CnL of a pagp for fOmlllPlltS ma.de abont the item, 
endosnr<' Tj~' de,",ription of a media object that i, atno.ched 1<: th~ ite", 
guid .-\ unique id"ntifi~r of the it~m 
pubO"te Thp dal~ "I which lhp i{,~jjj w,,-, published, 
,.)nr<Y Thp llSS ChflllllPj ,ha, the ill'lIl cflIlle from 
'1'flble 2.1: itSS Item Elements 
An ass [ecutile rBU eithel b~ m~l1ually creBt~d ming any (pxt p<l itor ur automatically 
crpatcol u>;ing one of tlw mall) l)[ogrUln~ ",-aibble (e.g. mogger or ltwliol [tit] 
2.3..1 Validating a Feed 
Th" ,"alidit~- of fln HSS dOCllm"nt ean I,,> t,>stpd using the RSS Validatoc [7{. All that 
is ne<'essruy to ,"aEdatp "document is to suhmit tl,,> RSS f""d lJRL (Uniform Re8ome'" 
Locator) to the fL,<-'!.! ,-alidator [72].'1'1> .. ,-alidator St'nds ~ f<"Sponse th~t \<'lls Ihp program-
mer that the do<:mncnt is valiu or, if it is not, it '1-'<'('if1e8 lh~ error" anu give,; illStl'uctiolls 
on how to C{)fJ"f'('t lhem. Tl~, yalidalOr also bring, up willnings for clem~lItH that ~re llOt 
np<~arily wrong, but. that can he cimngeuto imjJrow tlw qnality o[ the feed, 
Tlw complete and "alid RSS (XI>lL p11rf)(j~dllil~ may be phcp<j on a Web hit!' like ally 











<eSS V~rSl0n*-2 . e-> 
<'hMn~l .. 
<d~Hnptll>n>M, .. un 1,,~,i></d~H( i pl.oCo' 
<llnk>htlp:l/uct.~~anpl~ . c~</llnk> 
<titl~~SS Docu-ent Ka.t~rs Thesis Exaapl~ </ tltle> 
<c~t~ory .. Ac~~ic</c~t~ory> 
<cn~ory doooain.-d.ol->Oig.tal librarIes Labon.tory"OIIIp~tH SCience ~'tr.ent! 
UnIversity 01 (ap._Town/SQuth .1rica<!category> 
<cloud d~l~·s~rver.~x~ple.com· p~thT·/rpc· port~·ee" protocol.·~l - rpc" reg -
,sterProcedure· "cloud.notily· ,> 
.(opyrlght>c~yr19ht 20e~ UCT~copyrlght~ 
<docs>http;//www . rs.bo~rd.org/ r •• ·.pecific~tlon</doc.> 
<g~nerator>RSS Playground 1 .&</generator> 
<i.ag~> <link>http ' /ll~ge.etanple . COD</llnk> 
<titl~>RSS Docu~nt Kasters lh~sl' Exaaple</title> 
.url>http : //www.uct.~c.l5/iaage,/uct aC . I./abovt/logo/logoclrcless . jpg</u rl> 
<de.cription>~ e.ample of the t-age el~nt lor a RSS document</de'criptlon> 
<helght>32</htlght~ldt~6<twidth></i~~ge> 
~lan9u~9~>~n~/l~ngu~ge~ 
<last6u.\do.t,~n. al Aug }Oa9 18,)3 : 44 GKT</la~t8ulldO~te> 
""' .. n~91ngEdltor,.JPaiha .. ,,@u .. ~ple.cOll (Jorgln .. Palha .... !</man .. ginvfdltor> 
~pubO"t~>Hon. 01 Aug 2069 22:98;88 GKT</pubDate> 
< raU "g" (PIeS · 1. 1 "http;/"'It", . rHlt.o. girt! IIl9S~el . ht~\' I by "...,tm .. st~ r~.atlp l~ . (~ ... 
on "2800 .81.29TI0 : 09 ·8880" r (n 8 s a vOl O)I</ratIng~ 
<SkIpOay.~<day>Sund .. y</day></.kipD .. ys> 
< I klp!le urI >< he" r> U c/heu r>< ~o u r~ 2l</heu r></ I k I p!lou rI> 
<tenlnput~ 
<ducriptJon>RSS docwoent. ~re ~ery si"pl~ to cre~a . </d~scrlPuon .. 
• llnk>h\tp ;11""". un .ac . laltextlnput . php</Link> 
<name~query</na~e> 
<t it l~> Tnt Input I nqui ry</l1 tie> 
</t~.tlnput~ <ttl>60</ttl~ 
<WebH .. ster>JP .. 'h .. ~a@e' .. mple.(o= (lorgina paIh".,a)</webMaster> 
<it~> 
<t.tle>Meta·.tandardisat,on of lnleroperablilty Protocols Proposal</title> 
<11nk>http://_.cs.uct . ac . za/2ee9/0~/12/propos .. ls.htm<1link> 
<descrtption>ActeSS to online inforroatlon (an t.e enhanced by .. llowing 
heterogeneous data providers to interoperat~.</deHrlptlon> 
<guld>http;I/_.cs.u<t.a(.za/2ee9/85/2a/proposal •. ht~/gvld> 
</ite .. ~ 
<ite .. ,. 
<descriptlon>Prototypes</description~ 
<gUI d I sPe rroaLlnk~·· f ~ 1 s .. ~>2ee9· e~· 9&_ 11 fes ty I e_ J oebob_I./ gu id> 
</lte~> 
</ch ... nn~b 
</r,,> 










2. :1.5 RSS Autodbcovcry 
RSS a1l1(hlis"m'(-I':-: all""" \\\,h hrow"~rn and 01h"r ~()ftwarp program~ to all1.()matica)ly 
fiuel a wpooitp's ass [~ed [7:1]- This feature is supponed by popular hmws.>rs like :'Ilozilla 
Fird"x 2.0 ami />.IinOiiOft im('rn,,' Explor(-r 7.0 (aud an Sllb.<;(xlll"nj. \wsions). Wlwn '" 
hmw""r oppns II pagp that provirlf'<S a syndication fP<'<l. it displays thp RSS [""d i<'on 
ill the ",lures<; bar. The utlerS mil dick 011 the icon to UCU'", l\lld/or sub..cri be 10 lha!, 
sl><x·jJ'" h,n, An!.odis<'ov('Q' is not an !1.llt.oma.tic k"tur,,; it is ophmlld and h"" t o be Cll-
"bloo b~' lh~ f~pd programmRr by iuclnding in thp 8<'I'WI' impipmpnt"tion thp <l ink .. • plp.-
lll€nl, [01' example <liuk rei "a ltel'llUle" type .· -"applicatiou/ rs,-xmr' I itle-~ '"Som~Title" 
brd=;; http://IVw\\' ,('xmllphcoIU ">. 
WrJ-:.;it€" that rio not haw ant.odi,<'owlv ('nabIPrl <e<m indicat" t,h(';r Hnpport of HSS h'<is 
by haviug au RSS, X"IL or ,,'Syudicate This' Jillk on their pages. 
2. :U i Latest issu es 
In AUi\llol 2008 i\"docap" tin"li,,'fl th" tnlll"ition (}f ell(' fir~t ,wo vel'~i(}n~ (}f ass (RSS 
(j,\)U and RSS O.~l) t<> th ~ HSS Ad\1"ory Ikm.rd All thA sp"dfi<,,,tion d",·umcnt, . DTDs 
(Document Type llefinitiollsj aud hell' til", are now IwstPrl by RSSBoard.org whid, pm-
,-ides guiddim", for", smooth tmns iti(}n for all nSl'r", There are couo,ant chauges made 
to r.h~ RSS sp",:ili""tion~ [7~1. and IhA ial<$t propos"d chang(', whid1 i" still under di"-
CU""iOll aud mlt)" 1)<" C'Ollsidered for appmval Oll thp oasis of tlw argumpllts prf'8Pntf'd , i, 
adding an HSS nillU('Spa~", AddinR" nau1"sp"'''' ,0 HSS would allow HSS elemeuts to 
h<? pmb<>cldf'd insidp X"IL ~IAmputs that havp a dpfanlt, n8,IlWSp8.<'P, RSS simplkity is a 
mntl0wrsi".1 i:;:;ue, While SOme people say thl,). it is excessively simple aud tlwrpforp lacks 
st.nH"lllTP/"""mantic'1< that, mp (Tn<,ial for imprmw kwlH of fundion"lity andsl)curily [33]. 
the "ast majority S<"f'ms to Sf'e simpli ~itv as it s main su<,<,pss factor [IOOL "nd that. <'fl.n 
be lO..§nIlled kI be ,rue oonsid"ring tha, a large number of Web sites haw implempntf'd 
RSS f,x"k Th,."., indnd" sit", for major ne"" bromk<l.>1<'Th iii", Cl\N. DDC aud the i\"ew 
York Times ·~2·. RSS is '*leu by 8Om~ as h<?ing SVIlonym to svndi<eat ion [100] 
2.4 The Atom Syudicatioll Format 
Thp At"'" Svm:!ic,,,tion Format, ("Iso <'allprl At",n I 0 or just Atmn) is a syndication 
format that repl'esent.8 Web ('Outeut and metadata [~9]. It pro\'ide:s a simpl~ wa~' to I\'><d. 
,nile lUld publifll Web resources of reguhll:ly updltted website>;, This pmtocol is p"l't 
of thp ,,.,,rk d('wloped hv th" Inkrnd, EngimuinR T,~~k Forc" (1~1"F) Atom Publi"hing 
Format 8.nd Protocol \\'orking Gronp (known ,~~ AtOlllPnh). Cl\'"t~d "round .)nly 200~. 
the maiu goal for Aklm W<l.> CO llpgrade HSS ill pro,-iiliug ,yndicatiou of Web rf'OOllrCeS 
('.),;. wrhloll,l< and ",,,,', h"a.dli",,,) t<> \V(,h Hites or ,,,'('n din'dl" to lls<'rS. 
An Atom do~n)llP"t is an X\II. dOl'nm~nt id~ntifif'd with th~ appli~atim'/"tom+xml 
nwdia tvp<'o whic'h prO\;dffi lists of rplatf'd informat ion known as ff'f'ds [.59] (spe List in)'; 
1). A feed in Atom is equivaleut [0 au ltSS feed. but ol)\"iousiv with diffprpn~f'S in 
the plemeuts lUlU gllideline><. rhere aJ.'e cwo types of documents iu Atorn: Atom Ff'f'd 
DOCUIIl('nLS and AtoIll Entry D(}CUIll"nls. An Atom Feed D()~llIllent repreSl'nLS llll Atom 











Illclmiata. All AtoIll EllIe.\' Lkx'urncnl ~()Illains oIlly une AloIn enlry, ,U1J i" charadcrioed 
o\l1sir\p of f.,.,.-j {'Om",,!. 
(7=1 version='.O enGOOiIlg= utf-8?> 
<feed x''lns - http://,,,· .. · ... '.3, o~g/2005/ Ate>m> 
<title> Exanple Alon feed</citle> 
<subtitle> feeds s"btitle</subtitle> 
<link he-dlang- en href - http://exallple org/feed! reI - self j> 
<liIlk href=http://exa:nple.org/ /> 
<updated> 2009-0S-07-T15: 43: 35Z<hpdated> 
<author) 
<name>Jorgina Kau.,:IDe do Ro~"r i o Paiha:na</narr,e> 
<eILai1> jp2tihanaOe:x:=ple, org</eILflil> 
<ur i > h I. tp : j hi'"'' "'1 _do"ain_ exallpl e _ Qrg</ur i> 
</author> 
<id>urn: uuid: 60a76cSO-d399-, ld9-b9 ,C -000393geOaf6</id> 
<entry> 
<title>Exallple Title</t itle> 
<cat..egory t errr.- Eza"ple Category/> 
<link>r.ref - ht. ep: / / ezarnple org/200'J/08/07/a-ron03</link> 
<id>urll: uuid: ,225c695- cfbS-4ebb-""",,-80d,t344e f ,,6,,< / id> 
<published >2009-08-07-T1S: 43: 35Z </p"blished> 
<"pdated>2009-08-07-T,5:43:35Z</updaeed> 
<slliIIIIl"-ry>A short slliIIIIlary of the i eerr .. </ ~u:ruHry> 
<COlleen\.> The re~ource ~ontent</contellt> 
</elltrl'> 
</feed> 
List.iIlg 1: XIIIL "ncoucd Alum docnmcIlI 
2.1 .1 
Atom ~nJlp0rt." 11m'" kinds of mn"trnct.': t.i1<C tcx, COIl,trud. the p~rS<Jn c()n"tl'UCc and the 
uate c()n"tl'UCc [591. An elelllent inh('lits all the r€<"lnirements from its ("(m~t.rl1(· t d,>fini1.ioll. 
snch t hat. a tcxt. ciCIllCIlt iIlhcrils all lh~ w<:jUil'emeIll s of a text construct [59] 
2.1.1.1 ThxL ~o"sL['"l'1s 
A tpxt constmct is 8n ,,1'>lllPll\ that, ,,,ntains langllagt.~scnsili,,' hnIllaIl·wadahle texl[5!lj. 
A tex, cum,[.[u~[. "ly)Je"attribute mal haw til" \"8-hl<' of: T"xt , HTIIIL or XHT)"IL. 
2.4.1.2 Person constructs 












2.1.1.3 Oat" cUllstruds 
A ua(e eUIl,(rud [59[ is all ~1~lIlenC "'hobe LOnt,eu(s cunform t u t he ~datc-time" specification 
in RFC 333\1[38]_ 
2.'1.2 AtClll1 Elements 
TI"'r~ l<r~ (,,'0 types of "\ements in Atom' th p contl<in~r piements and th~ mpta.dB.ta 
elements [59]- Dolh types of elements are dc..::ribed in Appendix I:!. 
:2.4.3 H ow Atom difl"en; from RSS 
Atom i\(1\'oe~t<'S ha\'e pointed out "ariou, reasons why At()1Il differs frolll nss and why 
it, is beUer, SOllle of thesc r~'~')()JlS are: 
• Atom provides a way to dearly label the (."lJe ()f c<>ntent provided by each im1ividua.i 
entr): (HSS d(1C!< not). and in addition to plaiu text amI escaped IlTIIIL (both 
supporr.-.:! hy [(SS), Atolll supports .\.HTII1L, X~IL. Bf", e64·~nrod,'(1 hiuary >IS well 
>l.> rcfcreIlCC>< (,0 pxternal medifl. conwllt (e.f',. UOL1<, andio "nu "ide<) screams) :7G]_ 
• Instead orthe n l'c 822 [I!)] formaned timestamps used in nss, Atom'. rlwu;.-.:! a.nd 
npdato:.! clcmcIlts ti mestamps ,-,onform to the HFC 3339[381 SVCt'lfication. which is 
a. snwt. of ISO 1<601, wh irh wpn'S<'llts (bt~s fl.Ild t,imp" usill)'; t,he Cregorian calendar 
[3d[ 
• Atom USeS the st~,nda.rdi&.'(1 xlJll: i ~ ng a.ttrilmt,> whkh ~ll(),,'s th~ s jlt'('ification of 
the l a,n~u"ge fot eaeh iIldhiun"J. item in an entry as well as the foo:1 ianguage [761_ 
RSS unl}' allows tlw ~pf'('ifi('atiou of t,h,' fwd', lfl.ll!,:m\!,:~, and >I",mnes tl"'l cHch 
individual entry uses the same ll'ngua.ge. 
• Atom "HPI,,)rts th" USl' ()f Int"rIlatiollaiiSl'd n,",Ollr<:p Id~ntifi"rs, which allows link> 
to resources and unique identifiers to use dH\.J"Bders other t1wn (he AScn char~d~r 
set [81]. 
• The Atom \·.-.::wnlary ran inciudp markup re115ed from oth~r voca.huiari",;· ill ot her 
word" it ca.n he nsod outside lhe conle;d of all Atom fL'L'<i [59], 
• Atom allow" the dislinel ion between l\ partial and a full resource in a. feed hy using 
<SlllIlIIlflIY> fmd <,I;(lIlt.cnt> cl"m"nt," rcspL'Ct,iw l,·. HSS oaly ha, a <ucscripcioIl> 
pi ,'m~nt and from tha.t it, is ll()t p""sihl~ to tpll "'I",thpr it. cont"in" th p full r"_'iOllrc"t) 
or just an exc-erpl [7GI. 
• A tom 1_0 is pmt of an :x ~ IL nan"'SpiHY and can cout,ain "]PlllPnt" from Ot,h"I Ilames-
pa,-",.5 [761_ Ex'-"'pt whpr~ "xplidtly forhidd"ll, Atom "I io"," foreign marknp in any 










2.4.4 The Atum vs. RSS dispute 
Atom "'tiS dL"ignl~llo be it "llb;;lillll ~ for I1.SS. The iIlieIllioIl wa" Lo clarify HSE; mubii',u-
ili\'s, hring stability 10 syndication hy ('o"",)l idating its lIlllltip1" \wsions AS "regist.~r<il 
(Jmda] HI'C documem, provide f~,, "ensibilit.v for liCeIlSill!;. \'el':3iOllill!; "nu acceoo rontro! 
('(JIllen, areaS [.,)lJ [3j [59]. De"pit~ llw fad lhal it hab been fl.dopled by IlHl.llj i!l{liviull<u 
USflrs and in fi llPntiRl comp"-ni\" such as Coogle, Atom h,.s not (i n t.erm" of p<lpnlarity 
and use) slUVassed RSS. Some of til<" rea..';OllS for Atom's inability \0 wpla.c\' RSS 8,,..,", 
• ];sll"ll~' site~ Ih,,! pllblish Atom "]<;0 publish RSS, while Ihe opposite i~ nol always 
true. 
• RSS support [or pnc!osu,"" let! 10 th" ,i<'wiopnwn( of p<xk,,-,ting, and hig c"mpani e-; 
Iik~ iTtlIws ~lill Im"e HSS as their milln o.l'ndication form"t, "lthOlugh they ,,100 
snpport. Atom. 
• )"lajor news nelworh like C'\N, I:!BC anu Ihe .\ew York T imes choooo to put>-
li"h llwir foods onl~' in one format, fl.nd their ellOice i~ RSS. Uowever tod~y Ulany 
prooYssing applicat ions support hoth RSS and Atom. 
• Lo,'al RSS ll<;erS '*'<C no r""son to ll <;e another [orIllat, i\l\-eIl lhe fael t hat RSS 
pro\'ide~ "ll the fllnel ionalily that they require 
The contpnts of an Atom document Cfln he ,*'C1lr(><l '''in t; Xl\ lL sL~·nrit.\- IllL~'ha!!isUlS, 
dii\ilal ~igIHllure>< or encrypt iOll . Atom " Iso proviues SUppol1 rOl' autodi scover:. (with the 
lA~A rei\i,t.eml flpplimlionjaloIll--;-xIIlI :,\lDlE type) a!!u a "self' pointer. The pointer 
allows ne"" read ers to aUl0-suhscri he using W('h--,tandard di8pakhin" tedmiq UL'" [76]. lu 
~llllllnary, Atom provides all the fundiollalit} or RSS with a more st ructnrw l franw,,-ork. 
2.5 The Z39.50 Protocol 
The Z::l>l.50 proto,;-ol is a ANSl/NISO application lajw protorol Iha l snpports distrihnt<il 
""'HIch a!Hl rel rieml betwee!! stmd ured network o€r"ice~ [::\4 ]. This protoCOlI sti pulates 
data stmC1nres and interchange mles t lm1 allow a die!!t IlHl.chine 1.0 ",,(JIch fllId [elrie,,,, 
tf'<:,ord" frOlm databases on a SlJrVer machine. at'TO __ d iff('r('n t platforms [bO]. Tlus protoml 
is widely uRd b,' libwriaIl.>, ,eery o[leu iule..:ralLd i!!lO liLraty systems ,md pel'~llla l 
hihliographic rpferpnc(' programs ('.t;. int('rli hrnIY ('atalo""", sean 'h with Z.39.bO queries). 
The Z3Y.50 pl'O lorol was lirstlidopled in lY ~~, follo",-ecl Ly (en pxtensiyely H"'iSKl Y('r"ion 
:2 ill 1[l92 and "ersion:l in 19'Xi [·19'. A revi >JC~1 copy o[ ,-er~ion 3 was pllLlished later in 
'XXI3 [4] 
2 .;; .1 How docs 7::19.;;0 work 
COlmmunkalion Uetwffin "' dient and a "",n'el is estaLlishecl via a Z39.:-,(I .. As.<ocialion, 
which i~ ,-",labli"hl~1 b,' a client alld eml be lerIllinalL~1 b,' eit her pliI t (Ol implicilly by loss 











The 230.50 prolcx'1Jl su!-,por" :,eareh, rClricval. oort [Illd ilnJWSC fUIKtioJI<. lIere ser\' ice!< 
are dpscrilwd f~, t·hp pr~et< ~"rri P<l out vja In('>;1;agp ~xch"mg~ by diem and ",'rwr [41_ 
A 8<.'[\'ic-e can L>e ill OIle of l.hre€ "tales: 
1 confirm..,d (a ~liPllt reqllPst follm,",xi by a "",wr re"pollse); 
'l 110n_e';mnrmP<'l (il. r""lue;t [rom ,,('li~nt or s~rvpr with 110 rorrcsp<mding ",'hpOnSfj-
,', ('onriitionally-mnJirmcd (E\ "'-'Hiee thM lIlay be in either :;tate 1 Or SlM(, 2). 
An o])(,rat iou invoiw·, all pn)(~'h fwm all ;nilialing '''']1j(~'1 to " ic",mnati"fJ ft."1'O"'''' 
indnding pwryth ing ild.>etw"""n, and can only 1)(' initiil.tE'<l b)' c~rt"in c\i('l1tS . Z~\l _ CiO-200~ 
stand","ds [4' suppt>rtf'd !Jille tyPf'S of o]}f'rll.tiolls, Hamely: lllit, S<?il.rch, rr~n( Df\p\f 
Seull. Sort., R"",'ll["H"l)()rt, Exten<hl-""rvi(x," "wi Durii('ale J)"Udion, 
Th" protocol works f~' folio"'" 
• Th(' c1i~l1t ami fRrwr (,,;l.al,lish a ('OlllHdiou negotiate "Xp('('talioll" amllimi laliolJ:< 
OIl dj~ activitiff, that will occur (thillgl> l ik~ "wsion u~ il.lld mil.xim11m rocord Si7.e) 
• Aft~r thffi<? agreement" are u"got,iat"d, tl", di( ~lt, ma,' suLmil a <jut'r}", Thl'll'tjuc:,l 
includes the '1UP1'Y and th .. n(l.mf of on~ or mor~ dil.til.bm;e, to 1)(' ""ar~h(YL 
• Th" server "X~11t('S th .. ""areh against a dataix\8(,("). and a [l'sull:;et i" ereE\l(~L A 
,ril.rch call be rxocut<'<.1 USillg OIl .. of six (1.11 ributes: cumplrtrll€s:; . pe»itioll. rd(l.1.i<m. 
"tructuw, truucal,ion and u"c. 
• The client asks for records frum thp re>u!t set or r""quests thil.t th~ srrv~r jwrform" 
",)m~ addiri(mal p[("'e"»iu.o, of t,he ,,:suit set bdorl' ",Ilding it to ll", dienl. 
• Aft,,!, receiving tll(' re>pollSl' 8l't the diem maruille may do somf furthpr prOC'<'ffiillg 
(d"l",ndin.o, OIl th" iIlt"r["('" sohwaw) 011 thc re<:onb hero", disl-'ia~'ing ll]("" lo the 
Uil<?r. 
2.5.2 Reported Issues 
Z:j9,50 i:; all al-'plicaliolliayer prolOC'Ol withill the OSJ l'efel"<'nc~ mocM (l.lId t lWl"<'for~ ""1>-
ports low('[ 1"'lJl OSI servi(:('S [4!1j. O("pi le thai. maIlV of tl", protocol iml-'ieIlll,,,t,,rs cho:;e 
to layer Z~\l.5D on top of Tel' / Tp, iii< opposed to imp1cmfnt-i 11.0, it ill an OSI l'm'ironnH'nt, 
to hpnffit fwm thc full OSI ~enk('S, Th~ 1M,"" H'HSOIl' for this ~hoic~ "we: 
1 Thp Silf and complpxity of OSI impl "m~ntil.ti011 wa." daunting: 
2, Tiu'r" wlls no mature OS! wllware [\ya,ilahle for the fll ll rEUl~e of COml-'utillg Cllyi-
rOllments in Ufo<' at th .. impl ~mfntillg illst itllliolls: 
~. The ar('hitectural "trnctnrE" within t,h" OS! applin,tion Im-er wc", &x'n lls lln"taLIl'; 
"~l 
4. &>llle illlplememrrs wCre WIlC{,rIll-d lh(l.t Ihp c(lIllpifxity of the OSI upper l(l.~ws 
wOllld outweigh whutewr ix'llelic' this impl~IMIltatioll had 10 ojfpr, 
TIl<' iIllpro",mrnb pres<.'lltcd hy ea('h eomu·ut.iw, ",,"siou did nol stol-' erities fwm , 1E\tillg 











rrp~ of soft",,,re to he in&t,,1I1"<1 cOllfi"" lre<i "no m"inr"i n~d in ord~~ ' to work, it Wfl.S 
expenoiy(', ~lld eVeIl though there was search aud retrieval, Z39.50 did [jot allow bulk 
datI\. "x~han)1;r, Due to this rl mwbaek. r"",,,u-chers hope that "ewer ledlIlologies like 
X/>.IL ~lIJ ltDF would iljj th e g~ps l~fr by th~ Z:J9.00 protoro] 
2.5.3 Current State 
The de\'elopment of th" 239.50 plOtomj pr""bles \h~ hnillm of \\'eh rechnoloi';ies, and 
it did IJot ,ucl'!nl for VlH jon~ after tlmL Althollgh still used by (\ few. to uay Z:J9_:>O 
is consider('d by most to he R.ll ohsolew proto{'oL Th" fact that llOW tlw:", oX" lllany 
othet, protocols lh"t provi d~ on improver! l en~l of fi.mct i on~]i ty has Hot Hiopp"d Z~9 _b{) 
"d.-ocal,,,, from lIyiur', to brillg the protocol batk to life, and since 21)02 they hove been 
workiu),; towa rds this go"L The newly renowlt~,l ZJ:\G pro(oool (Z30 .• 'iO iutemat.iou:tL 
Nex( Geuemt ion) is all :t((elllp( (0 reviw Z3Y .. 'iO by adopri n.o; new st.R.ndarrls lik" X\IL 
and SRU [16[. 
2.6 Search / Retrieval VIa URL (SRU) 
SefLrch/Retrieval is a service for sefLreh R.nd r"tri"v"l of \\'e b IU<OllH-eS IU'HJ'Si< Ihe int"rn"t. 
A clieut makes:t search request for t. he rerrieval of llliltch in ~ reeorrls from rhe "erver [47] 
This otandard iH b",;ol on Ih" L1~ .• 'iO pranX"o!. TIl(' pranX"ol C·<1.I1 be used iu (wo different 
""(I.,"s [83[: 
1. As paramerers in " URI. ca lled SefLrch/Retriev"1 URL Serviee, or SRU; or 
2. SRU via HTrf' SOAP. formerly kuow as SearchjRe(riev8.1. Web S<?rvices or SR\\· 
[48] 
Thi" protoml he", two publish",! version" 1 1 and 1.2 ami all OASIS draft for sm· 2.0. 
Sill\' 1J."<.,,1 :t SOAP (Simpl" 0 b jed A~tess Protocol) interface awl rhe COllllllon/C{>nt exrn8.1. 
Qllery T.an.o;ufL~e (CQT.) ro fLllow a S1.'ar~h fuuet ion that pTOm()"," iIllewpemhi lity u.~ 
tweell dis(rih' lt.ed <btabase> by providing a common uril isarion fr"mework [83[. SRU 
(Seareh/Rrtriewll via "c"RL) is a slandard search protoool for Iu(emet search. It. employs 
a l 'RL eneorlerl HTTP inrerf~ee and; like SR\\". ir u,*" CQL. CQL i" 1\ fOIIWlllllJlr',llar',e 
for repl"%ellt.inr', qlleries (0 ill fonna tiou retriev,ll sys tems [47]. Kno"·n as Common Quer:. 
Lanr',l"'~" ill wrsion 1.1. il WI\" later ehallr',e<l to CDI,wxtual query L[\IJgllar',e ill ,-oor-
sion 1.2. This quer:. IfLll.o;ufLge ,,",,"' rlesi.o;ne<l to oupport queries thnt are IIllImlIl readable 
,ued wri("bJe while llla;I1biuil4; (h~ eiflc.iellcy of lllore expre;"si'·e j:1.nguages lih' SQI. ~lI(l 
XQu"ry [8~]. The syulax for SRL iH sp,'(;itk for ixJth (he queries awl ]10" the reslllt.s ~re 
presented [3 .. ] 
SRl.' is XlIII. 1)[1.""<1 fLnd supports three main tilllctions [83], 
1. Sean:h 
The llloot importaIl( fllIlclioIl of these protc>('ob i~ se"rrh /re(rieve. This is uone usin.o; the 











nf'{'<'ssary [""ramp!f'r.' anti tlw 8f'rWr rpspcmd., wit.h !l. Sf'flr~hRN.ri"vf'R"'p<)f)"(' t.hat i8 " 
li8t uf Xl\IL records a,ud lhe [ull cuum uf the !lumber of r<"<:(,rtl; that matchf'J the 'Juery. 
2. Bruwsing (done via the scali request) 
SRU als0 provides the &all requ""t, which only differs from "~al'l'h in that it has only (.ne 
8parch clfl1lsf' that sl'pcifi"" th .. indl'x relM;o" CLud tcrIll. This allows the user to bruw"" 
through thp information in th .. """ords (I"P by onf'. Thp ."lI.ll rf'<lllf'st returns !l. portion 
fWlIl t1", o,,[(ed Hot of tcrIllS in lh~ dawh"""" for '-' ~ivell index. 
;1. Server cHjlnbility 
The linal upeml.iDIl pw\-ided hy this I'WlOCO! is a SPIW'!' capability ""<jUl'St that all nws 
th .. dif'nt to find out whirh proto""],, the sen'"r ""PPOfIt; mI d what il "'l-'l-'0rtS ill termo 
(.f CQL T hf' lllessag<>.> pxclllmgP<i hf'J"f' flJ"f' kno"'ll 'lh t he Explain nX]Ul"'l lIno n"'pollse. 
2.6.1 Search R equests aud Parameters 
SRU "llow" the user lo selJ(l at k",L. G di!Terem romLinal.il~lS of ~PllTch URL rf'(1u",\,,7. 
The opt.ional pIl.rlImd"rs Can I", mixed <l.nd makh",d to nw-el the users ll<"f"<.k Delow 
arp ~xampl~3 of ""qul'St.' ""m ,·ia th~ URL. lind THbl~ 2.2 provirl"s rkscriptiollo [or "ao::h 
illdividual parameter. 
I Explllin Requ~st: hltp:i/7:1\lClI . loe . gov:il~O/voyll.Ilpr 
2. Sim pl~ (prm ",,"rel,: htl. p: / / 73\l.10.lcl(· .gov:70!lO/ vo:mger'!v""ion=l, l&opem1ion 
= searchR ~,ri eVl"&'l u er y= di n OSa ur 
:I. Simpl", term :;",("rch to retr;p\'p ~ spf'C;fiffillllmhpr of rPC'ords: http://7.3\l')().lo(', 
f', ov; 7 O!lO / \ 'oya f', "'I"? VI" rsi oil = 1 , 1 & 01'" rae io n = »I"ar c hfut r i e "p& '1 u pry=di n e<>a U T & 
m'LXimllmR(,{,OIds= 1 
~. SiIllpk lerm s('ar~h to relrieve" sp<"<-'liie.u IlUmber of re<-'1)rds in a 3pP<:ifipd 
mdHOH(lI formllt: http://':ln')().\oc,gov: 70!)<.]/voyagcr"' \'",rsion= 1. j &:operalioll 
Sf"[(J' c h R e l ri ",,,e& 'l upry -, di n 08a ur &: llla xi mu mR p~o r rls= 1 kr e~or rlS<-h "lUH = rk 
[, SilUplp tenn ",,"reh tu n'1ri~w a "l,,'{'.ifipd ,mml;<,r of ",<'orrls, 'I,Hrt inll [WIll a 
sp«:iJi",d p'J!;ilion in th~ sturage m",Jiulll, displaying a :;I",~ifiprl numhpr to 
re~n"b ill a sp(x::ifi(xi IlldHua,a [omml, htlp://l3950,loc,gU\',70\lO/"oyager'i 
wr8ion= I . I &opprHt ion=s<·,.,-dlR(·triew,&qucr,'=dill"",mr&s,artRecurd=2 
&maximumR",,'1)rd'~'J&::rpcf)rdSchpma=rk 
6. TerIll ,eHreh at a sp'>cific plncx, within th" ["xl, [or "xampl" semeh [or the 
!crIll name in th" Hbs\rHct , or the t"wlleflIr",d in th" conclusion, hllp;/i 
7:1\J,'i.(J loe . gnv'il~ O / \'op<gpr')wr.,ion= I . 1 /,:oppmt ion=s"HrchRet rie\~,&quer,'= 
titlp=Jin'<3aul' 
















Specifies the vc",ion of thc protocol used 
Speeifi," th" type of ",n-ie" H~lu"'t"l 
Tetlll(,j uoed r" lind ... '("".,b of inrH",t !imiliE.l>le in the sener 
maximumHccord> Specifies the n,a;"iT11U,n nurnbcr of matching rewrd" to be returne,l 
for thc request 
rccordSchenw Specify t h,' n,('\ad"t& format of th .. H~'''lTd, i" I h,' r"'pon",' 
'(ll.trHemtd n .. q"""I, lhat, when eell. ... ,h!ng Ihmllgh ite 't'<vHb. the sen-", only 
H'H,rn' matching '-,'Co"l, thai "pp"a' nfl,,, " 'I""ilie I""il ion/ numbet 
on the r('{"rd, ind,'" 
Tahlp 'L~: snu Pa.raJlwt~rs and D€.o;rriptions 
2.7 The Open Archives Initiative - Protocol for l\tIetC\-
data Harvesting (OAI- PlVIH) 
2.7.1 Thc OPCIl An'hi ves hdtiati\"{~ (OAI) 
The Op<'" Archi""s Initiati\~, alh,,'s \\'dH,c,-,,,,,~ihle repo,.itorie,; to interoper"le L} Shill'-
ing, puGlishing amI archiving OlW anothpr'., mptada.ta. rf'(~mls [till]_ The 0.-\1 'lartl~1 
within lh" ,,.prillt~ cvmmullit)'. , upported by HIl increa:;ing n~l [01' a low-ba.rri~r .'001 11-
tioll for int"rnperabi lit~,' aIllollg heterogermolL~ H'positori<,,;, The €x],,'Cte<:l I-",ndi ts [rma 
this initiative were [00]: 
1. To "llow digit»l mat."rial to he a",-'e:;''i(~lmow widel)" alld uoed for PUl"J>O>.e~ other 
than the Oll€8 that led to its cr~8,tion_ 
J Thp 8$umpt.ion tha.t the pOSHihilit.:-· or a.r,rResing m11ltiple [epo~itorie, will improve 
the type, "wJ quality o[ value-added servi~~ pro\id~d to 11s,'rs 
3_ The potential to provinp cost-rifeet iw mPan.' of "omrnllnication for tl", academic 
COIllIllUllity aml the expedaliou th"t lhe rapid growth of digital material hf'<'a.11,*, 
of th" Illwmel wi ll incH''''''' t1", tar!','" market o[ many repositor}, systems_ 
IJli!lall~.- fo<;u.~",j 011 irnpro"illg aCl-e8s to €- prilll repositOlies, OA I now 81so pro\icks 
sllpp<,rt for other tyPf'" of repo;sitorie" or digit"lmat,,,i>ll [tiO]. Currelltly OAlmHialain~ 
two projecl>: the Opea Archi\'€~ laitiative . P rotocol fot l\letada.ta. Harve»ting {(MI-
PldB) and tl", Open Ar"hi ",~ Initiali", - Object R€u.-.,e and Exchange (OA1-0HE). 
2.7.2 O\"p. rvh~ \v 
OAI-Pr.JH [tin] i, a prowcol that pro\;(ie:< an appJiwtion- iudependent illlelOp€rahlity 
frall",work for IUet"da!.a Imr,",,,,tin!',, Th" main ohjo'-'!l'" to L" ",;hined with the OAl-
Pl\1H "'I~" "implicit}' [55]_ This protorAl1 w,~, d(",ig[l(~1 to be "u:;y to impienl€llt (b'-"'€d 











2. 7.3 H istory 
The Jh"t "tel' t()warJ, OA1- PlI!JJ wt!., the Sal1ta H: ~ollventioIl19~1, orgslliSl:>d by Paul 
(;inspar)\, Rick Lu{'e mJ(1 ]jerlx,rt Van d" Sompd of the L<..>o Ai<UllO ' Natiollal L>hDra-
tory, ill Octoc...r j99'J_ A group of t~cllllieal ~xJW11> prnpu;ed the d'Tdopment. of Ih" 
UnheI"u P'l"priut SeIvice (UPS)[GOIl91;, The UPS was a uniwl'sa l OOlTiC>" for author 
sdf-lI.rchi\Td s"holarl)' literature, alld it" "uget WlJ.(; th" di"emiu,-,ti()11 ()f €--pIill'" (ml 
<,,-print i, II.n a"t.hor self-ar{'hiv~d document).Th" lI.im o[ the S,mt.a F{, ,'onH'ntioll was 
to discuss interopeml,ility issul'S, establi,h a forum for ongoing work OIl i llt ~l'op .. rability 
()[ ,eI[ mchi,-in)\ ",lutiou", anJ ,-,grel' 011 th .. development on a prototype digital libl'&Y 
,"," lTiC>" bil.9I"(\ on th~ main ~-pri nt s repositorie,_ O"e to th" [act that not 1I.11 {~prillt " 
w~l'~ PI'~p,illh' and c...eauSl? tlw nmn~ UPS Wil.~ a l r~ady an I"Stablish",,1 brll.nd llam" for 
II. deli,",,]y WmpmlY, t.he nll.u", of II", [rmll{'woIk '0011 dUUlg .. J from UPS t() 0.11.1. From 
agn,<"ments wach,~l at rlw com'l?llt iOIl (iss""s lik~: !rallsport. plOl.o{'oL IllNlI.dat,a format 
and quality as>urance, intelll'<'\ual properti"" and usag~ rights), th~ Santa F~ ConWll-
,ioll protocol for meca,bb lmr\e,ting was cre,-,teJ, Two oth~r wr>ion> of th~ pl'Otoeol 
"'I?r~ ~r~aT('d II.ft~r thaI. TH ble 2.:1 shows t 1", devdopu"'"ts ill 1I", prot.ocol [rom Sallta Fe 
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Cnq1.",liii,,1 Dllhhll Con' 
R"sour<~," 
'-1dmlma IlmH"I.l'r 
There ar~ two f'Ommon opriOIls Hnlilabl(' for bui lding ill/.erop<"rIl.bi lity servi(x," hil.~ed OIl 
dbtributed mecaJ"t,-, l'I'<-vrd" ,he ~r,.,," ,-,rdlh-e 8l'an.:.hing appl'Oa<:h and (he hH[vesting 
'-'l-'I'ro;>ch UiZ,j. 
T lw croo> arclJ iw Sl?arrhillg appro"'~h is 1",."1"(] on H syn{'hrmlOUs modd in which a "s" r 's 
,earch quer} genemte> requests to all pal'\icip'-'ting metwatH al'rhiw >_ TIl<.' ooar~h ap-
proildl h"" t.h" follnwillg cham{' lerist ics [5,'11' 
• Search querie, clIn be dirl'Ctly encuded (e,g_ contrihu(o\,=;;Jorgina"); 
• Sen-ice provideu d() Ilot lle<>d t() haw a Cl"lltml databuo;e for the lnet,,,,bta ,hey 
eolh:t: 
'A PTel'r,,,l .1", how" '--'~" E l'r,,,l ,; '" ~"lhoc" .",If-",chi,'«j riOCUfn<'"( nen"ed rrom «'>enlifie or 











• Servi{'(' provirkrs 1m", "oh~, duplication , rankiug aud uwr~in~ problems sin",ltane-
oust."; a.ud 
• The i;ervice perform fl. Il ct' depellus on the slowest dfl.tfl. prm;d~r. 
Th~ hHrvl><lillll: fl.PP","',,)l Oil t Il(' other hand lUll< til(' fo]lowin:>; charaneristics [55]. 
• The han,><ling prolcx'<Jb I""'e eilher a "ery b"",ic search yocabula.r:." or: none at alL 
• Servic-e pro,'ider:s nffl<! to have a databa..<.!" in which to stor" th~ m~tadata records 
frolll the pa'-lkipatiu~ r~positori"s ; 
• &'rvi"" prm-iders IlIHlw fre<]llPIltl y han~'"t, tIl(' pfl.rt icipatin:>; rep01;i tori,>< ill order 
to provid" the most r('{::{'nL infol'luation l~ible_ for tha t the provider has to defl.l 
with updated alld deleted H'<::ords. 
• Prodeliug ,·,Jue-add~d sen-iL'eS while wh-ing probl~tllS such as dupli~ation. ranking 
a]J(1 1Il('rl',illg i, nol lime critical for ""n;,,' prm; ders Ix";a,,,;c alllhese prot...,,&'(, tan 
lw conuuctru simultalll'Ously 
As lh" nam(' Slll\!l:"""~; OAI- PIIIH 11';"" t he 11II.r",slinll: approach. Thi, choiee i, )m""d 011 
th~ fact th fl.t the ~ros" fl.rchiw ,""a rch apprOilch does not prm-idp th~ n('('<"ssary scalability 
for large Imm)x'!>, of partieipatin:>; rqx" itoril>< [~~]. Th" lack of scalability ill luI' cross 
Hrchi"e ,""ar~h Hpprofl.ch ari;;p.-; from t he ffl.ct th fl.t the "'nic" T)('rformam'" HlwHY" dep" n,\' 
on th" slowe~l data produ"r. For example. lO use a large crCt.% an:h ive ""arch·lJa.<JO"(1 
,en-i(" the n",'r~ haw, to firsl select the Ill[lll l",r of archin';; lO be ,;emch(~l by the query 
6uhmitted: th~ query will h ~ procP,;"""'.llJy al l pfl.l'tkipating ar<:h iw's ".nd a rO"SpOIH " will 
be delivered ouly after all archives uave prcx'esscd lu~ query. A paralld search is inmo;;t 
{"lI<es impossihk aJld nO!. fl.!. all re(~)mInl'n rkd by th(, ""r\~C(' pro,~d"r', lll('rdore ddays 
al"f' to b~ l'Xpt'ctt'd in thi,; approa.ch 1,3:;:" 
Thi,; prot.r><:ol aiuwd to: 
1. SurfaC<" uidd~ll resonrc«S, 
1. Provide access to the fl.r~hiv~'s lIlNauata, 
;:;, Provide low ,x",t illterop "rabili t~,., alld 
4, Supporl a new pallern for , choiarly conmllmicmion h.' pl'Oyidillg a world-"ide 
{'()nwiidatioll of scholarly archi""s. 
2.7.4 Frnmcwork 
There arc two aClors iUlhe OAI- I'r-.iH framework a data prodd~r and a s~ryice provi<.kr 
(""-'" Figure 2,2), 
A data pr()\~dAr ll SPS OAI- P:\lH to pxp",p nx' t fl.dala about rq)(mil.Ory mlltem to ",r"ice 
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The data and service providers communicate via the HTTP protocol. The service provider 
sends a GET or POST request to the data provider and in response gets an HTTP 
response vvith the text/xml content type for a successful request and HTTP or OAI error 
codes for when an error occurs. 
There are six types of requests (also called verbs) that allmv communication between the 
providers, namely: Identify, Listl\IetadataFormats, ListSets, Listldentifiers, ListRecords 
and Get Record [60]. vVhile a service provider can choose v;hich types of requests to 
support, data providers are required to implement all six. 
Below is a brief description of how each verb works. Refer to the OAI-PMH documenta-
tion [45] for detailed explanation and examples. 
2.7.5.1 Identify 
The identify request retrieves information about the data provider/archive/repository. 
This verb has no required argument and \yill generate an error or exception when the 
request includes illegal arguments. A successful response \vill contain a repository name, 
base URL, version of the protocol, the earliest date stamp, information on support for 
deleted records, granularity support, administrator email address and, optionally, the 
compression encoding information and a description of the repository. 
2.7.5.2 ListMetadataFormats 
The ListMetadataFormats request retrieves a list of all metadata formats supported by 
a repository. This verb has only one (optional) argument: identifier (unique identifier of 
the specified item). The error and exception conditions identified with ListMetadataFor-
mats are: badArgument (illegal/missing arguments), idDoesNotExist (the value of the 
identifier is unknown or illegal in the repository) and no~IetadataFormats (no metadata 
formats available for the specified item). 
2.7.5.3 ListSets 
The ListSets request retrieves the set structure of a repository, used for selective harvest-
ing. This verb may require the exclusive argument resumption Token. A resumption Token 
is a value returned with a previous incomplete response-this value is used to retrieve the 
remaining resources. An error may occur if the repository does not support a set hierar-
chy. 
2.7.5.4 ListIdentifiers 
The Listldentifiers request retrieves a list of record headers. This verb has one manda-
tory argument: metadataPrefix (specifies metadata format); three optional arguments: 
from (datastamp lower bound for selective harvesting), until (datastamp upper bound for 
selective harvesting) and set (set criteria for selective harvesting); and one exclusive ar-
gument: resumption Token . An error may occur if the combination of items that match 












The ListRecords request retrieves records from a repository. This verb has one mandatory 
argument: metadataPrefix; one exclusive argument: resumption Token; and three optional 
arguments: from, until and set. 
2.7.5.6 Get Record 
The Get Record request retrieves an individual metadata record from a repository. This 
verb has two required arguments: identifier (unique id) and metadataPrefix (specifies the 
metadata format of the document to be retrieved). 
2.7.6 Metadata 
OAI-P1IH does not have a unique metadata format. The format used may be agreed 
upon by a community (any group of cooperating data and service providers), and should 
have the three following properties: 1. an id string to specify the format; 2. metadata 
schema URL; and 3. XML namespace URI. While individual communities are free to 
use any X1IL encoded metadata (e.g. 1IARC, SPECTRU1I), the OAI-PMH framework 
mandates the use of unqualified Dublin Core to provide a basic level of interoperability 
[60]. 
2.7.6.1 Dublin Core (DC) 
The Dublin Core is a 15 element metadata format. The elements are: title, creator, sub-
ject, description, publisher, contributor, date, type, format, identifier, source, language, 
relation, coverage and rights. The elements are all optional and all repeatable [39]. 
2.7.7 Advantages 
• A lot of the features in the OAI-PMH are not mandatory; there is a minimal 
repository implementation list to be followed by implementers. The list9 states 
the few features that must be implemented to be able to use the protocol without 
losing the main functionality. This is done to ensure the lowest possible barrier to 
metadata access. 
• Multiple service providers harvesting from multiple data providers suggests wider 
dissemination of metadata [60]. 
• Acts as a under layer for building value added services [60]. 
• Supports any XML encoded metadata standard. 
• Service providers can access all records or (based on set hierarchy and date stamps) 













• The OAI-P1IH does not harvest the document itself; it only harvests the metadata 
record that relates to the documents available in a repository. 
• OAI-P1IH does not provide a search function for the aggregated data - all it does 
is bring the data together into a central location. 
While the implementation of the protocol itself is said to be technically simple and there 
are even toolkits available for that [60], the challenge lies in building services that satisfy 
user needs. 
2.8 The Atom Publishing Protocol (APP) 
APP also known as AtomPub is an HTTP and X1IL [95] based application level proto-
col for editing and publishing \Neb resources for constantly updated websites [79]. Also 
created by the AtomPub group APP is used to generate and manage collections of 'Veb re-
sources represented by the Atom Syndication Format. Those Atom formatted representa-
tions describe the state and metadata of the resources. Because it is based on HTTP, APP 
uses the HTTP operations (GET, POST, PUT and DELETE) to disseminate instances 
of Atom feeds and Entry documents. Entry Documents are documents/resources/entries 
that are members of a collection and are represented as Atom Entry Documents [30]. An 
Atom docllment is specified in XML fornmt but with a few minimal modifications to SOllle 
Infoset terms. Infoset terms are terms that provide a consistent set of definitions used in 
specifications that use well-formed XML doculllents [9-1], (e.g. clement information item 
is referred to as element only). The protocol supports: collections, services and editing 
of the \Yeb resources [30]. 
• A collection is a set of resources, that can be retrieved partially or as a whole. 
• Services provided are the discovery and description of collections. 
• Editing involves creating, editing and deleting resources. 
The core of the APP is the collection of 'Veb resources [30]. A collection contains all the 
resources that are part of a specific group, and every collection has a URI (Uniform Re-
source Identifier) that uniquely distinguishes it from the other collections in a Workspace. 
A Workspace is a named group of collections [30]. 
Items in a collection are called Member Resources and they have their URIs listed in the 
collection they are in. Member resources can be either Entry Resources (represented as 
Atom Entry Documents) or Media Resources (images, documents, audio and video files 
basically any media format supported by the collection). 
A collection is represented by an Atom Feed Document, which contains an unlimited 











2.8.1 How does APP work 
The initial step to take when using APP is to find out what collections are available and 
the types of resources that the collections contain [79]. Afterwards the user can then 
use any of the protocol's supported functions. To find out what collections are available 
the client sends a GET request to the service document URI on the server [30]. The 
server responds by sending a service document (Xl\fL format) that lists the URIs of all 
the collections available as well as the services supported by each collection. Depending 
on the details of the client request, the service document may provide other details, for 
example authentication credentials [79]. 
A service document describes the workspace(s), within \vhich collections are grouped in 
a logical manner. Each collection in a workspace has at least a collection href element 
that provides the URI of the collection and an accept element that specifies the type of 
content stored in the collection e.g. images, entry. A GET request to a collection URI 
returns an Atom Feed Document with a complete or partial list containing the URIs of 
the collection l\fember resources. Whether the list is complete or partial depends on the 
request parameters. 
After identifying the collections available the user can use the service( s) provided by 
the protocol. APP uses HTTP requests to perform its designated activities. Figure 2.1 
shows the fiow of activities and the type of HTTP request used to achieve the main APP 
functions as explained below [79]. 
2.8.1.1 Create a resource 
Entry resource 
To create a new Entry resource the user sends a HTTP POST request to a collection 
URI. Entries must have at least an id, an author and an updated element, but any of 
these client-given values may be overwritten by the APP server. The server responds by 
sending the status of the request (HTTP response status code, for example 200 for OK, 
201 for created) and a location header containing the unique edit URI of the resource it 
has just created. In addition to that, if it has ovenvritten any of the client-given values 
(id, author and updated elements) the server can send a copy of the entry values that 
were stored in the collection. 
Media resource 
To create a l\ledia resource the user issues an HTTP POST request to the collection URI, 
similar to creating an Entry resource. The difference here is that the user now sends the 
POST request and a representation of the media resource. If the collection supports the 
media format that the user wants to store, two resources are created: a Media Entry for 
the requested resource and a Media Link Entry for metadata about the resource. Media 
resources are also known as media-link entries [30]. 
2.8.1.2 Retrieve a resource 
To retrieve a resource from a collection a user issues a GET request to the resource URI. 
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to establish a baseline for interoperability [30], but implementers can use alternatives 
that are at least as good or considered better than this minimalist approach. 
2.8.3 Server Actions 
APP imposes very few restrictions on server actions. Servers' behaviour will vary accord-
ing to their individual configurations [30]. \Vhile APP specifies the use of GET, POST, 
PUT and DELETE requests, it does not imply that other HTTP requests cannot be 
used on collection resources. The same goes for HTTP status codes servers can choose 
to respond in any way (accept, reject, delay, censor or moderate a request), and client 
software must support all types of HTTP server response. A request can have a different 
HTTP response, or receive a different feed, or different entry contents on each individual 
server. 
APP was initially designed to allow \Veblog owners to upload media content into their 
posts, but because of its ability to provide support for a wide range of media resources it 
is now used for a number of different applications, such as document management, Office 
suites, photo libraries, podcasting, software distribution, video blogging, \Vikis and XML 
repositories [80]. 
2.9 The Open Archives Initiative - Object Reuse and 
Exchange (OAI-ORE) 
The Open Archives Initiative - Object Reuse and Exchange is a protocol that facilitates 
the description and exchange of Aggregations of \Veb Resources [43]. 
2.9.1 Aggregations 
An Aggregation is a set of related resources that can be treated as a single resource, and 
a resource is defined as being any item of interest [43]. An example of an Aggregation 
is a website that contains multiple \Veb pages, each connected to the next and previous 
pages via hyperlinks. An Aggregation has the following characteristics [43]: 
• Each consists of one or more resources, which can be stored on a single \Veb server 
or distributed across different \Veb locations. 
• Resources in an aggregation can indicate their semantic relationship \vith other 
resources (e.g. resource X is a previous version of resource Y). 
• Resources may be of a certain type (e.g. bibliography, table of contents). 
• Aggregations and/or individual resources may have a relationship with other inter-
nal or external Aggregations/resources (e.g. citations). 
Aggregations can be made visible to \Veb agents (i.e. browsers and crawlers) by assigning 
them machine readable identities/descriptions [43]. Those descriptions can be the basis 











Aggregations are described by Resource 1'1aps. A Resource Map is an RDF graph that 
is serialised to a machine readable format, to provide a description about an Aggrega-
tion according to the OAI-ORE data model. The description includes details about the 
set of resources that the Aggregation contains and the existing relationship between an 
Aggregation and its resources. ORE provides guidelines for users to create and publish 
Resource Maps in different formats such as Atom, RDF /X:'IL and RDFa. 
2.9.2 Data Model 
The OAI-ORE data model is built on the foundation of the \VW\V architecture, RDF, 
Cool URIs and Linked Data. This abstract data model includes the following four entities: 
Aggregation, Aggregated Resource, Resource 1'Iap (Re1f) and a Proxy [43]. 
2.9.2.1 Aggregation 
An Aggregation is a type ore:Aggregation resource that represents a set of other resources. 
This type ore:Aggregation is associated with a resource via an assertion by at least one 
Resource Map. An Aggregation is a conceptual construct and therefore does not have a 
representation, but the Resource Map that asserts the Aggregation has a representation 
that allows assertions to be made available to agents and clients. 
2.9.2.2 Aggregated Resources 
An Aggregated Resource is a resource that is part of an Aggregation as a result of an 
assertion in a Resource Map that describes the containing Aggregation. 
2.9.2.3 Resource Map (ReM) 
A Resource 11ap is a type ore:Resollrce resource with information content in which the 
assertions 1IUST describe a single Aggregation, MUST enumerate the constituent Ag-
gregated Resources and MAY include additional properties about the Aggregator and 
Aggregated Resources. There are two types of Resource Maps: the Authoritative Re-
source 11ap and the Non-Authoritative Resource Map. An Authoritative Resource Map 
is one that is accessible via a dereference of the URI of the Aggregation it describes. A 
l'\on-Authoritative Resource Map is one that contains assertions about a URI without 
any reference from information obtained via a dereference of URI. 
2.9.2.4 Proxy 
A Proxy is an abstract entity that makes it possible to show a resource \vithin the context 
of a specific Aggregation [1]. Proxies are of type ore:Proxy. The type is associated with 
the resource via an assertion in a Resource Map. The use of a Proxy is implicit. For a 
detailed explanation about the OAI-ORE data model, see Lagoze et al. [43]. 
The OAI-ORE protocol is used in many applications [27], for example, JSTOR, a USA 
based online academic journals archive, uses OAI-ORE in results visualisation and topol-
ogy navigation tools; and The DANS (Data Archiving and Ketworked Services) based 
in the Ketherlands uses OAI-ORE to improve it's "Durable Enhanced Publications" by 











2.10 Simple Web-service Offering Repository Deposit 
(SWORD) 
S\VORD is a lightweight protocol for depositing content from one location to another 
[3.5J. This protocol is a profile of the APP, and its aim is to lower barriers to deposit. 
SWORD's main focus is on depositing content into repositories, but this can potentially 
be used to deposit content into any system that is vvilling to receive it [35]. 
2.10.1 Improvements 
SWORD builds on to APP by providing support for: package support, mediated deposit, 
developer features, auto-discovery, error documents and nested service description [2]. 
2.10.1.1 Package Support 
The use of 1II11E types by the AtomPub to describe the data encoding of resources does 
not efficiently deal with compound types (e.g. 1IETS packages, . tar j.zip archive files). In 
order to improve this S\VORD introduced the <sword:acceptPackaging> element, which 
states the packaging formats accepted by a repository. This element is repeatable. 
2.10.1.2 Mediated Deposit 
1Iediated Deposit allows an authenticated user to deposit a resource of which he/she/it 
(person or software) is not the owner. This is represented (by the client) by sending an 
HTTP h~ader fidd X-On-Behalf-Of which indicates who the owner of the resource is and 
who made the deposit on his/her behalf. 1Iediated Deposit may present some security 
concerns as the user may not be who/what it claims to be [2] and therefore other/external 
security measures should be implemented. 
2.10.1.3 Developer Features 
S\VORD aims to lower the cost involved in implementing and configuring clients and 
servers, and to achieve this it includes extensions that are recommended to facilitate 
development. The extensions are: 
1. r\o-Op(Dry Run) - allows clients to test a server's implementation without creating 
a resource; 
2. Verbose Output - allows servers to send to the client a detailed logging output on 
actions performed; and 
3. Client and Server Identity - allows servers to record both server and client software 
identities in Atom Entry Documents. 
2.10.1.4 Auto-discovery 
S\VORD recommends that server implementations use a < link> in the < head> element 
of HT1IL documents, to assist with service discovery. AtomPub makes no recommenda-











2.10.1.5 Error Documents 
The SWORD profile added a new class of documents to AtomPub, that allows the server 
to describe error messages in a way that is more detailed than what AtomPub currently 
provides \vith HTTP. 
2.10.1.6 Nested Service Description 
I\ested Service Descriptions allow a server to nest S\VORD service definitions using the 
<sword:service> element. Some servers will even show the hierarchy structure within the 
collections. This deals with the problems faced by AtomPub when dealing with a server 
system that has an extremely large number of collections. 
2.10.2 How does SWORD work 
SWORD is a profile of APP. It adds some features while restricting others in order to 
provide the best possible functionality. It is dedicated to deposits and does not support 
all of APP's functions [35]. \Vith SWORD, depositing is a two-stage process. It facilitates 
a user's action in terms of depositing, including archive files [2]. First an authenticated 
user sends a request to the implementation of the service document. This returns a list 
of collections in which the user is allowed to make deposits. After receiving the service 
document the user can then deposit files into the collection. The lack of authentication 
and unacceptable file format can cause the repository to send an error report, but if all 
goes well the repository sends a successful message. This can only be done in repositories 
that support S\VORD. 
S\VORD can be used to facilitate e-Learning applications. As represented through exam-
ples by Sarah Currier [16]' S\VORD can be used in a drag-and-drop desktop tool, bulk 
deposit for sharing metadata, deposit from a content creation tool or drag-and-drop news 
feed resources into a repository. For more popular applications S\VORD has experimental 
tools - OfficeS\VORD allows direct deposit from within any l\Iicrosoft Office document 
and A facebook application allows a user to make a deposit while logged into facebook 
[16]. 
2.11 Interoperability Research 
Some of the high-level interoperability research projects carried out in the last couple of 
years to provide solutions to a range of interoperability issues, as well as experimenting 
with and extending existing protocols, are discussed below. 
2.11.1 The Kahn-Wilensky Framework (KWF) 
Kahn-\Vilensky is an open architecture that supports a large and extensible class of 
distributed digital information services, for example digital library services [36]. 
This architecture provides a naming principle, and a service that uses those names for 












All repositories must provide support for the Repository Access Protocol (RAP). This is 
the protocol used by originators for depositing and accessing objects in repositories. The 
system functions as follows [36] [37]: 
1. A user with digital data creates a digital object. A digital object is composed of 
digital data and a unique identifier called a handle. This is done by sending a request to 
an authorised handle generator. 
2. The user deposits the digital object into one or more repositories. 
3. The digital object handle and the repository name or IP address is registered to a 
global system of handle servers. 
4. Finally the users can send a handle of a registered digital object to a handle server 
in orde:r to retrie:ve: the: name: or IP addre:sscs of the re:positorie:s storing a specific digital 
object. 
The three services defined to perform the above mentiolled actiolls arc: ACCESS_DO, 
DEPOSIT _DO and ACCESS_REF. ACCESS_DO and DEPOSIT _DO are used for ac-
cessing and depositing objects and ACCESS_REF is used to access repository reference 
services [23]. 
Kahn-\Vilensky's underlying architecture forms a base for extensions that can be cus-
tomised for information of various formats [6]. In this framework the representation of 
metadata digital objects influenced the Making of America II project which later gave 
rise to 1Ietadata Encoding and Transmission Standards (1IETS) [56]. Other contribu-
tions of the K\VF include promoting handles as global unique identifiers and defining the 
relationship between digital objects and repositories. 
Some examples of implementations based on the Kahn-\Vilensky architecture are: the 
Interoperable Secure Object Stores (ISOS), and the Dienst protocol [23]. 
2.11.2 The Dienst Protocol 
Dienst is an architecture and protocol for digital libraries across multiple servers [19]. 
Initially called the Computer Science Technical Report Project, this ARPA funded project 
originated from the need to create a digital library of Computer Science technical reports 
[18]. 
The protocol supports the following individually defined and distributed services[17]: an 
info service that provides information about the state of a server; an index service that 
processes queries and returns a list of matching record identifiers; a repository service 
that stores digital documents, each with a unique id also called DodD; a query mediator 
service that sends queries to the appropriate index servers; an index service that processes 
queries and returns a list of matching records identifiers: a collection service that provides 
information on the services interaction to form a logical collection; and a registry service 
that stores informatio  about users. 
Additionally there is a user interface ser'vice for interaction between the above mentioned 
services and their protocols [17]. 
The services are defined individually, and when combined they create a distributed digital 
library that provides functionality for deposit and storage of digital resources, as well as 
access to those resources by discovery and browsing [17]. 
Dienst requests are called verbs. Each service supports a set of verbs and one service 











protocol. If a service receives a verb with a version it does not support, it must return 
an error. The responses are HTTP responses, which can be of 1UME type text/plain, 
text/xml or text/html [17]. 
The Dienst protocol not only provides a conceptual architecture for communications with 
services in distributed digital libraries but also the software system that implements the 
protocol [14]. 
Over one hundred institutions used Dienst to be part of the Ket\vorked Computer Science 
Technical Reference Library (NCSTRL) but, with the creation of OAI-PMH, many of 
them have transitioned to the latter. The design of OAI-P11H was largely based on 
improvements made by considering the lessons learned from the design of Dienst, for 
example Dienst supports over 30 verbs and OAI-P11H only supports 6 verbs [31], and a 
harvesting approach is preferred to a cross archive searching approach because it avoids 
the problem of not getting updated results (possible in federated search if one or more 
repositories are down), by collecting and storing all data in a central location. 
In 2003 a Dienst OAI-PMH Gateway (DOG) \vas created to allow OAI-PMH harvesting 
from existing and at risk Dienst repositories [31]. 
2.11.3 Simple Digital Library Interoperability Protocol (SDLIP) 
SDLIP is a protocol that defines simple interfaces for interoperahility hetween data 
providers [29]. It was part of a Stanford University project called Stanford Digital Li-
hraries Technologies [85]. SDLIP's main goals were the simplification of hoth client and 
server side implementations; server support for stateful and stateless operations; dy-
namic load balancing for server; support for thin clients: and implementations via both 
distributed object technology (CORBA and HTTP JCGI) [85]. 
SDLIP operations are divided across three interfaces, namely: the Search interface that 
allows the submission of search queries, the Result Access interface that allows the client 
applications to access results from a search request and the Source Metadata interface 
that allows clients to question a library service proxy about its capabilities. 
At the very minimum, a SDLIP server should implement the Search interface. 
There are two different levels of capabilities: 
SDLIP-Core: supports only the implementation of synchronous operations. Clients 
send search requests and wait until the server responds. 
SDLIP-Asynch: allow clients to send search operations and have responses returned 
immediately. 
SDLIP-Core can be configured to work in different ways, for example [85]: 
1. Requests are submitted synchronously via the search interface and the results are 
returned as part of a call. 
2. The server stores the result set of a clients' first request, at least for a specific 
period, and it is used again if the client sends another synchronous request for the 
same result set. 












SDLIP-Asynch is an extension of SDLIP-Core that allows servers to interact with clients 
asynchronously, and includes the implementation of a client side delivery interface. This 
interface is used to return search results immediately, one by one as the became available 
or in batches [84]. 
Using SDLIP, clients can customise a request to return a specified number of documents 
and also which parts of the document to return, for example request only the title and 
authors for 10 documents [85]. 
2.11.4 The Warwick Framework 
The \Varwick Framework is a container architecture for aggregating distinct metadata 
packages. Is the result of the Metadata II vVorkshop that took place in the April 1996, 
in vVarwick (United Kingdom). This workshop was a follO\v-up to the 1995 Metadata 
Workshop in Dublin, Ohio (United States of America), that resulted in the creation of 
the Dublin Core metadata standard. 
The scope of the Dublin Core metadata format was intentionally limited to avoid "the 
size and complexity of the resource description problem" [40] [41]; But it soon became 
clear that by avoiding that problem there was room for other problems. The Warwick 
workshop was centered around 3 main questions [40]: 
1. Should the number of elements in the Dublin Core be expanded or contracted? 
2. Should the syntax of the Core be strictly defined or left unstructured? 
3. Should the Core be targeted solely at the existing W\\,\V architecture, or extend that 
architecture? 
Analysis and discussion of many factors led to the creation of the \Varwick Framework. 
The framework has two main components: containers and packages [41]. 
A container is the unit for aggregating the typed metadata packages/sets. A package is 
a typed object [20]. A container may hold packages managed and maintained by distinct 
parties. 
2.11.5 The OpenDLih Model 
OpenDLib is an expandable software package that allows for the creation and manage-
ment of digital library systems customised to specific community rcqllirements. The 
model specifies the configurations of a OpenDLib digital library system [61] [12]. Config-
urations that comply with the model are known as OpcnDLib legal configurations. 
The OpenDLib architecture model uses three concepts [12] [61]: 
1. SCl"Yices - interact to provide functions for the coordination of different tasks. They 
can be centralised, distributed and/or replicated across multiple federated servers. Com-
munication among services is regulated via the OpenD Li b Protocol (0 D P) 10 . 
2. Server - manages resources shared over the nebvork. 
3. Region - an abstract concept that consists of centralised and distributed service 
instances as well as a set of instances of replicated services (one of each service type). 
OpenDLib can be expanded to include ne\v services to support new functions that will 
allow for even more customisation of the digital library according to the community 











needs. All extensions are done in a "plug-and-play" way, i.e. without having to deacti-
vate the library [12]. Expansions are supported through three key mechanisms, namely: 
configurable services, open architectural infrastructural and basic utility services [12]. 
Flexible systems like the OpenDlib model are a perfect platform to accommodate a suite 
of protocols that provides various services, such as the one proposed in this research. 
2.11.6 Driver and Driver II Infrastructures 
The Digital Repositories Infrastructure Vision for European Research projects DRIVER 
and DRIVER II - were funded by the European Union for the creation of a cohesive, 
robust and flexible digital repository infrastructure. to offer sophisticated services that 
would connect the Global users to research output from European institutions [90]. 
The infrastructure works by creating a virtual integration of multiple repositories all over 
Europe. 
DRIVER was the first phase of the project, that resulted in the development of a test-
bed search portal called D-Net. The portal provided Open Access content from over 70 
institutions[90]. 
DRIVER II is the second phase, which involves the production of a full quality system 
that will include content from even more institutions than those available in phase 1 and 
promote greater visibility in the global Open Access repository scene [90]. 
These affords have resulted in the creation of the Confederation of Open Access Reposito-
ries (COAR), in 2009, and DRIVER reports are now available in the series of international 
publications on Trends in Research Information 1Ianagement (TRI1I) [90]. 
1Iuch like in this research, DRIVERs main goal is to enhance interoperability between 
data and service providers, while providing the required functionalities to the end users 
[22]. 
This infrastructure uses the OAI-PMH protocol for harvesting, and an extension of OAI-
P1IH called OAI-SQ for searching. 
2.11.7 Open Digital Libraries (ODLs) 
Open Digital Libraries is an extension of the OAI-P11H protocol, that involves a frame-
work of service components for building extensible digital libraries [88]. 
The ODLs approach proposed a framework of individual component DLs, that could each 
be customised to provide one or more specific intcropcrability services, and as a whole 
work as a network of extended open archives [88]. 
The framework supports the 6 OAI-PMH verbs and its own ODL protocols for other ser-
vices, namely: ODL-Union, ODL-Filter, ODL-Search, ODL-Browse, ODL-Recent, ODL-
Annotate, ODL-Review and ODL-Submit [89]. 
Case studies of the individual service components showed the feasibility of the construc-
tion of DLs in a simple and and repeatable manner [87]. 













OpenSearch is a collection of simple formats for sharing search results [62]. It provides 
a way for \\'ebsites and search engines to publish their search results in a standardised 
format. Formally it only supports RSS and Atom but it also accepts other formats, e.g. 
HT11L. The framework provides support for the features described below[97]: 
1. OpenSearch Description files - are X1IL files used to identify and describe the Web 
interface of search engines. OpenSearch is supported by a number of search engines, 
for example Bing, Arora, Alfresco, Gnome (Do and Shell), Google Chrome to name 
a fe\\". 
2. OpenSearch Query Syntax - this syntax state where to retrieve search results from. 
3. OpenSearch RSS - also know as OpenSearch Response it is a format for providing 
OpenSearch results. 
4. OpenSearch Aggregators - are sites that can display OpenSearch results. 
5. OpenSearch Auto-discovery - lets the user know that there is a plugin link. 
This combination of multiple features support allm\" clients to learn about the user inter-
face of search engines and provides support for search engines to add search metadata to 
results in a variety of formats. 
This chapter presented a brief introduction to interoperability protocols, an analyses on 
the features and functionality of some of the existing protocols and discussions about 













The best way to obtain information on what users \vant and what is best for them is 
by getting that information from potential users. That is the approach taken for this 
research. 
A user survey was conducted, to get information from protocol implementers/users about 
the state of currently used protocols and how, if at all, they could be improved. 
The method chosen to conduct this survey ,vas an online questionnaire. The participants 
were asked to answer 6 questions about various protocols (see appendix C). 
3.1 Sample Population 
To get a diversified target population of possible survey participants, people with interests 
in different areas of interoperability and different protocols were invited to take part in 
this survey. Invitations to participate were sent to the following mailing lists: SRW, 
eprints-tech, dspace-tech, owner-at om-protocol list, ore-implementers, oai-implementers, 
rss-public and the Computer Science postgraduate students at the University of Cape 
Town (UCT)l. 
A total of 30 participants took part in the survey. Seven survey responses were not used 
because they \vere incomplete and only contained an answer to question 1. 
Below is a summary of the findings obtained from the survey responses of 23 participants: 
3.2 Most Popular (Most Used and/or Known) Pro-
tocol 
Participants were asked to rate their level of expertise with each of the protocols according 
to the following criteria: 
• Level l:Expert implementer 
• Level 2:Implemented (have written code for an implementation of the protocol) 
Ithe addresses of themailinglistsareasthefollowing:srw:Q;mail.dei.unipd.it. eprints-
techcQ:ecs. sot on. ac. uk dspace-tech@lists.sourceforge.net, owner-at om-protocol:Q)vpnc.org, ore-












• Level 3:Read and understood 
• Level 4:Heard about it, but do not know the details 
• Level 5:Never heard about it 
Table 3.1 shows the number and percentage of people according to their knowledge and 
level of expertise of different protocols. 
Protocols Number of People at Each Level of Expertise 
1 2 3 4 5 No answer 
RSS 3 (13%) 6 (26.1%) 9 (39.1%) 3 (13%) 1 (4.3%) 1 (4.3%) 
ATOM 1 (4.3%) 4 (17.4%) 7 (30.4%) 9 (39.1%) 1 (4.3%) 1 (4.3%) 
APP o (0%) 1 (4.3%) 1 (4.3%) 3 (13%) 17 (73.9%) 1 (4.3%) 
Z39.50 o (0%) o (0%) 6 (26.1%) 12 (52.2%) 4 (17.4%) 1 (4.3%) 
OAl-PMH 7 (30.4%) 7 (30.4%) 5 (21.7%) o (0%) 3 (13%) 1 (4.3%) 
OAl-ORE 1 (4.3%) 1 (4.3%) 5 (21.7%) 9 (39.1%) 6 (26.1%) 1 (4.3%) 
SRUjW o (0%) o (0%) 7 (30.4%) 5 (21.7%) 10 (43.5%) 1 (4.3%) 
SWORD o (0%) o (0%) 7 (30.4%) 5 (21.7%) 10 (43.5%) 1 (4.3%) 
Table 3.1: Participants' Levels of Expertise of the Protocols 
Findings: 
• OAl-PMH - is the most popular protocol, vvith 60.9% of participants (14 people) 
as experts (levels 1 & 2). 
• RSS - is the second most popular protocol, with 39.1% of participants (9 people) 
in levels 1 & 2. 
• ATOM - is in third place with 21.7% of participants (5 people) in levels 1 & 2. 
• OAl-ORE - only 8.7% of the participants (2 people) are OAI-ORE experts. 
• APP - none of the participants are APP experts and only 4.3% of the participants 
(1 person) are in level 2. 
• Z39.50 - there were no experts for the Z39.50 protocol, and only 26.1% of the 
participants (6 people) have read and understood this protocol. 
• SRU jW - there were no experts of the SRU /\V protocol, and only 30.4% of the 
participants (7 people) have read and understood the protocol. 
• SWORD - just like SRU /W, there were no experts of the S\VORD protocol, and 
similarly there were only 7 people who have read and understood the protocol; 











3.3 Most Unpopular (Least Known/Used) Protocol 
The data in the above section suggests that: 
• APP is the least known protocol, with 73.9% (17 people) who have never heard of 
it. 
• An equal number of people, 10 people or 43.5% per protocol, have never heard of 
SRU/W and SWORD. 
• 13% of participants, (3 people), never heard of OAI-PMH and, 
• Only 4.3% of participants (1 person per protocol) have never heard of RSS and 
ATOM. 
3.4 Most Useful Features 




• Flexible namespace use (dc, PRIS1VI) 
• Flexible use areas (not restricted to only one area of use, e.g. can be used by 
non-librarians) 
• Link association with date 
• Popularity (Its popularity attracts more people, trust) 
• Sharing of quick text information and links 
• Simplicity (easy to learn and implement) 
• The use of popular standards (XML) 
• Time saving (only get information on your interests) 













• Clear data model 
• Flexible use areas (not restricted to only one area of use, e.g. can be used by 
non-librarians) 
• Link association with date 
• More standardised (e.g. fewer versions) and has better specifications than RSS 
• Multiple formatting (dc, PRISM) 
• Powerful 
• Simplicity 
• The use of popular standards (XML) 
3.4.3 Z39.50 
• Allmvs federated search 
• Provides library data interchange 
• Standard for a particular community (e.g. libraries) 
3.4.4 OAI-PMH 
• Allmvs community based aggregation of metadata 
• Flexible metadata formats 
• Integration into software packages (Dspace, CO~TENTdm) 
• Harvesting of vast amounts of data at once (saves time) 
• Low server load 
• Platform independent metadata retrieval 
• Resumption tokens allow users to download on their own schedule 
• Simplicity in implementation 
• Specifically designed for digital repositories 
• Strings open archives together 












• A solution to the aggregation problem 
• Platform independent metadata retrieval 
3.4.6 SWORD 
• Interoperability with other systems (e.g. CRIS); possible upload to repository 
through 11S \vord 
• 1Iultiple deposit methods 
• Platform independent repository deposit 
• Reduces work load (multiple deposits at once) 
1Iany features were mentioned by the users as most useful for the different protocols, but 
amongst that a few stand out for being mentioned as useful features in more than one 
protocol. These features are: simplicity, aggregation and platform independence. The 
use of popular standards. flexibility, multiple metadata formats and time saving \vere also 
amongst the top favourite features mentioned. 
3.5 Least Useful Features 
The participants have also indicated which features they find least useful and/or the 
shortcomings in each protocol. 
3.5.1 RSS 
• Lacks features (most features are extended modules) 
• Lacks semantics 
• Poor documentation (often leads to bad implementations) 
• Poor specifications of content type (programmers use it for different things) 
• Too many versions 
3.5.2 ATOM 
• Lacks semantics 
• Too heavily geared towards blog posts, therefore it is misappropriated in systems 
interoperability 
3.5.3 APP 













• Heavy server load 
• Outdated 
• Use restricted to a specific community only (librarians) 
3.5.5 OAI-PMH 
• Assumption of item-level description 
• Cumbersome syntax and operation 
• Lacks variables (e.g. searching function) 
• Listldentifiers (no further details were provided on this issue) 
• ~Iultiple metadata formats make the protocol harder than it needs to be 
• Sets are chaotic (no further details were provided on this issue) 
• C nderutilised (can be used for much more than transporting metadata records, it 
can transport an entire archive including the digital signatures) 
3.5.6 OAI-ORE 
• Complex 
• Sets are chaotic (no further details were provided on this issue. Kote that the user 
made a mistake with this comment as sets don't exist in OAl-ORE) 
3.5.7 SRU/W 
• Complex to implement 
• It is difficult to translate CQL to backend search engines 
3.5.8 SWORD 
• Does not allow withdrawals (restricted to deposits only) 
• Relies exclusively on packaging for content passing 











One participant said that RSS does not have any feature which is not useful, while 2 
participants said the same about OAI-PMH. 
The top features mentioned as least useful are: lack of features, semantics issues and 
complexity and quality of documentation/specifications. Also interesting is the fact that 
while multiple metadata formats was mentioned as one of the most useful features for 
more than one protocol, it was mentioned as one of OAI-PIVIH's least useful feature by 
some participants - in fact more participants than the combined number of those who 
said that it is one of the most useful features. That emphasizes the idea that these choices 
are subjective. 
3.6 Suggested Improvements 
The list below indicates the participants' opinions on what improvements can be made 
to the different protocols in an attempt to improve on them. 
3.6.1 RSS 
• A standard interpreter with graphical user interface 
• The ability to query specific time frames (a layer above the protocol) 
• Adding new tag (element) by the user as needed 
3.6.2 ATOM 
• The ability to query specific time frames (a layer above the protocol) 
• Adopting some of the semantics of OAI-P~IH 
3.6.3 Z39.50 
• Allow full harvest 
• Combined \vith SRU, Z39.50 becomes simpler 
3.6.4 OAI-PMH 
• Provide services other than metadata extraction (e.g. negotiate the legal issues and 
allow access to the actual data) 
• Consider persistent resumption Tokens 
• Definition of sets restriction (nomenclature, hierarchy) 
• Although interoperability is the key issue, other aspects of the protocol are also 












• Consider persistent resumptionTokens (Note that the user made a mistake with this 
comment as there are no resumptionTokens in OAI-ORE) 
• Definition of sets restriction e.g. nomenclature and hierarchy. (Note that the user 
made a mistake with this comment as sets don't exist in OAI-ORE) 
3.6.6 SRU/W 
• Allow full harvest and simplify 
3.6.7 SWORD 
• Better integration with OAI-ORE 
• Extension for non-packaged material 
• Implementation of replace and add functions 
3.6.8 All Protocols 
• Although interoperability is the key issue, other aspects of the protocol are also 
important (e.g. efficiency) 
• Better documentation 
• Create a protocol for the WW'VV rather than one for a specific community 
• Do not require data that is not essential 
• 110re standardised namespaces, to better tag data 
• Simplicity equals a protocol that is easier to be widely adopted 
• There should be a protocol with a standardised interface that allows harvesting, syn-
dication and searching with a very small set of mandatory operations/parameters 
(for the sake of simplicity) 
A number of improvement suggestions were given for the different protocols, same of 
which stand out for being mentioned for more than one protocol, for example: the ability 
to query a specific time interval and to add new tag elements in both RSS and ATO}'l; 
persistent resumptionToken and definition of set restrictions for OAI-P1IH; and simplicity 
for Z39.50 and SRU /\V. 
Suggestions for all protocols were along the lines of simplicity, efficiency, better documen-











3.7 General Comments 
The participants were also given a chance to make any comments related to the issue 
of protocols and interoperability that they felt were appropriate for the purpose of the 
survey, and to help protocol designers better understand their possible target users needs. 
The comments made are: 
• RSS and Atom do not perform well for interoperability on bibliographic applica-
tions. 
• Standards are the only way to make interoperability work. Using these standards, 
it is possible to upgrade systems and change systems completely (Dspace to Fedora) 
\vithout losing expensive work. 
• There is much more work going into developing protocols for interoperability than 
there is work on the interoperability of the content. All of these protocols deal with 
the transport of some kind of data, but most do not concern themselves with the 
data itself. But data interoperability is the core of the interoperability problem. 
3.8 Survey Conclusions 
Based on the population sample it is believed that OAI-Pl\IH is classified as the best-
known protocol in this survey based on the fact that most of the respondents are OAI-
Pl\IH implementers, which means that OAI-PMH is mostly known by its implementers 
only. RSS and ATOM, on the other hand, are well known to both implementers (levels 1 
2) and the general "Veb users (levels 3 4). There was only one person (level 5) who never 
heard of either RSS or ATOM, compared to 3 people who never heard of OAI-PMH. 
There was some disagreement on the issue of whether multiple metadata formats for OAI-
Pl\IH was a good or bad feature; overall most participants said that multiple metadata 
formats make things harder. 
Although the number of participants in this survey represents a very small sample of the 
"interoperability world population", the data obtained was very useful for the purpose 
of this research, and from this it is clear that there is still room for improvement in the 
existing interoperability protocols. 
The results of this survey led us to conclude that a good interoperability protocol should 
be: simple enough to allow programmers to implement, explore and experiment while 
requiring only operations that are crucial to the performance of the protocol, but robust 
enough to provide value added services for the data extracted. The perfect solution if 
perfection can ever be achieved, is to design protocol services that combine the level 
of simplicity and lightness of RSS, with the quality of the structure and semantics of 
OAI-PMH and the level of efficiency of S,,'ORD. 
In order to try to find potential sollltion(s) a set of experimental protocols was designed 
to be evaluated against the existing ones. The results are expected to suggest possible 













An analysis of the survey results provided insight into the user needs. 
Based on these results two main focus points were chosen as the key design goals: sim-
plicity and efficiency. This was an experimental design, that could possibly show an 
alternative approach to protocol design. 
4.1 Introduction 
Given the survey results on the current set of protocols and the areas of possible improve-
ment, an experimental protocol called High-level Interoperability Protocol - Common 
Framework "HIP-CF" is proposed. 
HIP-CF Protocol is a high-level application layer interoperability protocol for locating 
and retrieving digital data and metadata records. This protocol aims to facilitate access 
to digital resources by making them visible to \Neb agents and providing support for 
browse, harvesting and search of resources. 
The base protocol and the services it supports are presented below, in the following order: 
HIP-CF Preamble, Xsearch, Xharvesting and Xbrowse. 
4.1.1 Design Approach 
Following the simplicity and efficiency goals, the approach chosen for the protocols design 
was a "ground-up minimalistic design approach". \Vhat that means is, starting with basic 
and absolutely necessary support (i.e. the use of HTPP and XML), and then only add 
enough features that are needed for an efficient protocol, as opposed to adding every 
possible combination of features. 
The most obvious drawback from this approach is the exclusion of features that may be 
considered important by potential users [63]. \Vhich features to exclude is definitely a 
difficult decision for the designer, especially because excluding the \vrong features may 
lead to the design of a protocol that does not met the needs of the users [63]. Nevertheless 
it is possible considering that only a fraction of the features supported by systems with 











4.2 High-level Interoperability Protocol - Common 
Framework (HIP-CF) 
The High-level Interoperability Protocols Common Framework (HIP-CF) is a common 
framework that facilitates high-level interoperability between heterogeneous systems. 
HIP-CF has different interoperability protocol services built as a layer on top of the 
common framework, thus creating a suite of protocols. The protocols use HTTP for data 
transfer and follmvs the HTTP specifications as stated in RFC 2616[24]. The services 
supported by the HIP-CF suite are Xbrowse, Xharvester and Xsearch. 
4.2.1 Notational Conventions 
The kev words "1fUST" "MUST NOT" "REQUIRED" "SHALL" "SHALL NOT" .} , , " , 
"SHOULD", "SHOULD NOT", "RECOMMENDED", " 1 fAY" , and "OPTIONAL" m 
the HIP-CF documents are to be interpreted as described in RFC 2119[10]. 
4.2.2 Terminology 
The terms presented in this section are used to define the roles and/or actions involved 
in the functionality of the protocol l . The terminology is presented in alphabetical order 
and not in order of occurrence or use. 
Client - A computer connected to a network that makes a request for resources or services 
from a server located elsewhere on the network[68]. 
Data Source/Repository - A system that exposes its contents and allows access to it 
by external sources. 
Digital Library - A managed collection of digital information, with associated services, 
where the information is accessible over a network [5]. 
Metadata - Data that describes data, for example metadata about a journal article can 
include creatorsJlame, publishing_date, abstract, etc. 
Query - A request made to a computer system (e.g. database, digital repository) to 
retrieve a particular set of data records[68]. A query can have one or more parameters. 
Record - A data structure consisting of a collection of fields, each possibly containing a 
different data type[68]. A record here refers to a metadata record presented in XML. 
Request - A message that requires some form of reply from its recipient[68]. 
Response - A document returned by the server as a result of a client request. 
Server - A computer or computer program that is designed to provide shared services 
to other computer systems on a network. 
URL - The Uniform Resource Locator is a string of characters used to identify a resource 
on the Internet (e.g. a Web page, a server, a file) [5]. 
XML - Extensible 1farkup Language is a set of rules for encoding structured documents 
in a machine-readable form2 . XML structures and stores data3 
1 Unless ot herwise indicated by a reference, the terms llsed in this document arc defined according to 
their specific use in or for HIP-CF. 
2http://en.wikipedia.org/wiki/XML 
3 An alternative to using X~IL is to use JSON, a lightvveight data-interchange format based on 











4.2.3 HIP-CF Principles and Guidelines 
Implementations of HIP-CF services },IUST comply with the principles and guidelines 
below: 
4.2.3.1 Simplicity 
HIP-CF implementations SHALL be as simple as possible. The protocol is designed to 
be efficient and reliable but, most importantly, to be simple, as opposed to being complex 
and computationally expensive. The motto is "do what needs to be done in the simplest 
possible way, and add complexity only when or where strictly necessary". A bottom-up 
approach is RECOMMENDED for the implementation of all protocol services. In 
other words: start from nothing, and build up the implementation until you achieve the 
desired functionality and efficiency. Use the simplest available solutions and avoid any 
non-crucial elements. 
Simplicity is important because it is a key factor to reduce costs, save time and possibly 
increase compliance with the protocol specification. 
4.2.3.2 Robustness 
HIP-CF implementations MUST be robust, i.e. have the ability to recover from invalid 
input data and other error conditions, as well as operate in adverse conditions. 
4.2.3.3 Data Storage 
There are no requirements for where or how data should be stored. It is left to the 
organisation or individual implementing the protocol to choose a solution that best suits 
their needs. Data sources MUST ensure that the repository/system is configured to 
allmv clients to find and access the resources available in the repository. 
4.2.3.4 Reuse 
HIP-CF implementations MUST take advantage of existing technologies and standards 
such as HTTP , XML, JSON and REST. 
4.2.4 HIP-CF General Model 
The framework provides a consistent and extensible standardised structure (vocabulary, 
principles and guidelines) (see Figure 4.1) that is based on the Representational State 
Transfer (REST) architecture, and allows the implementation of different high-level in-
teroperability services. 
4.2.4.1 Protocol Model 
The protocol has two main characters/components: a client and a server. The client 
and server communicate through request-response pairs. For simplicity, it is RECOM-
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",lutiul1", HTTP enor messages may also b€ usoo to control data traffic, for pXfLmplp 
error ('orle .107 ("illl bp lls<~l fur jpmpurary f{~li[{'d of a rp'!\1(o;t. to" dilkrell' URI. 
4. 2..1.2 Pm'a!llekr l'I1odd 
Each protocol SI"]\'ic€ d€finl"S a SPI of par8Jnplprs. Th~r~ are lhp maIlrlfLtorr p[Lr~mpt.p",. 
(pur",nclers I hUl ",ruST 1", imvlemelll,xl). amI optional varamders (paramelers lhat 
improw thp qUilli ty of thP resnlts hut ilrp o1Ll~( ,,:;{'d hy dlOicpJ. 
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[oIIllal~, Ht a milliIllllIll it i~ R ECO l'I-ll'l-lE-"I D ED 1 h"t i, com "ins "Il JlTfP crror codc, 
Exampl"" 
<frror> 
<HTTP _cod~ >404<;1HrIT' _c<xl~> 












<HTTP J'ode>100</HTTP _code> 
<description>Bad request. Please check that there are no spelling errors in the request, 




The Xsearch protocol is a high-level interoperability protocol that provides a simplistic 
service for clients to search for resources from digital libraries, databases and other sources 
of digital data. 
Search is the process by which a client can retrieve an available resource from a server. 
To search for a resource a client sends a request or query4 (a search term plus other 
optional parameter( s)) to the server. The server responds by sending back a list of the 
resource(s) that match the client's request, or a message to inform the client that none 
of the resources available on the server side match the client's request. 
4.3.2 Data Transfer 
Xsearch makes use of HTTP methods GET and POST to send requests to servers. Either 
way the server receives a request that may have a format similar to: http:! / address. example. 
com?q=paihama&start=O ''http://address.example.com'' is the server's network address, 
"7" separates the URL from the parameters and "q= aihama&start=O" are the query 
parameters. The server processes the request and sends a response in a predefined format, 
for example Xr-.lL. 
4.3.3 Parameter Model 
Xsearch has four defined parameters (see Table 1 below). A request has to contain the 
mandatory parameter queryword, and any combination of the optional parameters. 
4.3.3.1 queryword 
The queryword is the mandatory request parameter and it is made up of one or more 
words sent by the client in a request and used by the server to retrieve resources whose 
content matches the parameter. 
In order to perform a search the client should send a request that contains at least the 
queryword parameter. A queryword can be an authors names, a keyword, a word in the 
abstract or any word in the text, etc. The server has control over which parts of the 
resources/records are searched to find a match. 











Parameters Occurrence Description 
query word mandatory The word/phrase submitted by the client which the 
server uses to check its resources in order to find matching 
records. 
rpp optional Records Per Page (rpp) indicates the number of records to 
display per results page. 
start optional The number of the first record on the results page. For 
example if the records counter is initialised at 0, start=l 
will return a page of results starting from the second 
matching record. 
metadataFormat optional Tells the server to only return results that are in the 
metadata format specified by the client. 
Table 4.1: Xsearch parameters and their occurrence and descriptions 
4.3.3.2 rpp 
The rpp parameter allows the client to decide the number of records the server should 
display in a single response page. This is only applicable when there is more than one 
record that matches the query. On the response page, the server tells the client how 
many records in total match the query. 
If the number of records that match the query is higher than the number of records 
displayed on the results page, then the client can use the rpp and start parameters to 
retrieve the remaining matching records. \Vhen the results are displayed on a \Veb page, 
a paging system can be used to display all available records. 
\Vhen the rpp parameter is not used, the server returns its default number of match-
ing records per page starting from the first matching record. The default number is 
determined by the server settings. 
4.3.3.3 start 
The start parameter allows the client to make a request to the server to retrieve the 
records that match a query starting from a specific point \vithin the result set. For 
example, if start=2 and the counter is set to start at 0, the server will return results from 
the third matching record. In the same way start=O will get results starting from the 
first matching record, start=l will get results from the second matching record, and so 
on. This parameter can be used with rpp to tell the server how many records to retrieve 
and which record to start at. 
4.3.3.4 metadataFormat 
There are a number of metadata formats that can be used to present a query's response, 
for example Dublin Core, MARC 21 and MODS. The choice of metadata format is related 
to the needs of the community implementing the service and the data source. 
Xsearch does not impose the usc of any specific mctadata format. This is to allow different 
communities to create their own metadata format(s) if they feel that none of the existing 











Communities that have no need or desire to create their own metadata standards are 
RECOMMENDED to use Dublin Core5 . 
As RECOMMENDED by the W3C6 , if necessary, an X1IL namespace7 can be created 
to clear any ambiguities that may exist for elements that happen to have the same name 
and to group common elements together. 
4.3.4 Processing model 
Processing occurs on the server side. The server: 
• Receives a request (in a language/format that it understands); 
• Decodes to get the parameter values; 
• Uses the parameter values to perform a search query on it's own data source; 
• Gets a response from the data source, encodes it in a format that the client under-
stands; and 
• Sends back the response. 
The client also processes the results page(s) returned by the server and uses the data/matching 
record(s) as it sees fits. However this use of the retrieved data by the client is outside the 
scope of Xsearch. 
4.3.5 Query Model 
Any query language may be used in the implementation of Xsearch. The choice of query 
language will be influenced by, amongst other things, the data source. 
4.3.6 Result Set Model 
The result set is a list of records or an error response returned by the server as a response 
to a request. The result set is usually an ordered list \-vhose format and contents are 
defined according to request parameter values or server settings. Result sets only contain 
metadata. 
4.3.7 Protocol Parameter Use Examples 
4.3.7.1 Mandatory Parameter Only - Request 
A request made \vith only the mandatory parameter queryword can be in a format sim-
ilar to this http://174.19.284.1/cgi-bin/Search.pl?queryword=paihama+poulo. If one or 
more matches are found this request will generate a response set containing metadata 
5http://dublincore.org/ 












about all the records that match the words paihama and poulo, any work that the two au-
thors have done individually, together or with other authors as well as records containing 
the \vords paihama and/or poulo in any metadata field used for the search. 





Survey of the Effectiveness of Current Interoperability Protocols, A 
</title> 
<creator>Paihama Jorgina Kaumbe do Rosario</creator> 
<creator>Suleman Hussein </ creator> 
<descript ion> 
Interoperability is the capability of different systems to communicate and exchange data 
with one another, using a set of prcddincd formats and protocols that will allow the 
systems to use one anothers services successfully. 
</ descript ion> 
<keyword> 
interoperability, interoperability survey, interoperability protocols 
</ke~·\\"ord> 




Preserving Endangered Languages using a Layered \Veb-based Archive 
</title> 
<creator>Poulo Lebeko B. N.</creator> 
<creator>Paihama Jorgina Kaumbe do Rosario</creator> 
<creator>}'lohamed Nour Marwan 1. M. E.</creator> 
<creator>Suleman Hussein</creator> 
<description> 
}'Iany human languages, an essential part of culture, are in danger of extinction. UNESCO 
estimates that at least a half of the world's 6500 spoken la!1guages will disappear within 
the next 100 years. 
</ description> 
<keyword> 
Language Preservation, Digital Repository, User-Centred Design, User Interfaces 
</kcy\,·onl> 
<evenLdates>September 2, 2009 September 4, 2009</evenLdates> 
</record> 
</results> 
4.3.7.2 Mandatory and Optional Parameters - Request 
A request with the mandatory parameter queryword and a combination of optional pa-











The request can be in a format similar to http) /174.19.284.1/cgi-bin/Search.pl?queryword 
=paihama&start=O&rpp= 1. If a match is found, this request will generate a response 
set containing metadata about one record that matches the word paihama. The record 
returned \vill be the first record that matches the query. 





Survey of the Effectiveness of Current Interoperability Protocols, A 
</title> 
<creator>Paihama Jorgina Kaumbe do Rosario</creator> 
<creator>Suleman Hussein</creator> 
<ciescript ion> 
Interoperability is tlw capability of different systems to communicate and exchange data 
with one another, using a set of predefined formats and protocols that will allow the 
systems to use one anothers services successfully. 
</ description> 
<keyword> 
interoperability, interoperability survey, interoperability protocols 
</key\\"ord> 





Xharvester is a high-level interoperability protocol that provides a simplistic service for 
clients to harvest metadata records from various sources of digital data. 
Data harvesting is the process by which a client accesses a server's data repository and 
collects metadata records. 
The process of harvesting data involves two main components; a data provider also called 
a server and a service provider also called a harvester. 
4.4.2 Data Provider 
A Data Provider is a network-accessible server that stores and exposes data, and allows 
client applications to access their data. A Data Provider can be any application that 
stores digital data, for example a digital library or a database. The data access is usually 
restricted to metadata only. 
A data repository contains many resources. A resource \vill have one or more metadata 











is a resource. That resource can have metadata records in different formats, such as 
Dublin Core, 1fARC218 , LOM, METS and MODS9 . 
Communities can create their own style of metadata or conform to one of the existing 
styles. However for the purpose of facilitating interoperability, the use of unqualified 
Dublin Core is RECOMMENDED. 
Metadata records that point to the same resource ,yill have the same unique identifier. A 
unique identifier is an identifier that will point to one specific resource. Each identifier is 
unique in the sense that it will point to one and only one resource, but all records that 
point to that onf' resource will use the same identifier. In order to distinguish between 
records in different metadata formats but relating to the same resource the harvester will 
use the metadataFormat parameter, which is discussed in section 3. 
To create unique identifiers data providers may follow the "Uniform Resource Identifiers 
(URI): Generic Syntax" [9], or create a unique icientifier scheme that suits the community 
needs. 
4.4.3 Service Provider 
A Service Provider or a harvester is an application that accesses, collects and stores 
metadata from one or more data providers. Data harvesting is performed at a set interval, 
for example, repository X is set to harvest repository Y on a daily basis at 12hOO. This 
is done so that the harvester always has updated records of the resources stored by the 
data provider. A service provider acquires metadata by sending HTTP requests to data 
providers. The harvested metadata records are stored and can be used to provide other 
services, e.g. paper recommender services. How the data obtained by a service provider 
is used is outside the scope of this protocol specification. 
4.4.4 Requests and Responses 
Xharvester supports two types of requests: ListMetadataFormats and ListRecords. 
These requests are used with additional parameters to fine-tune the response(s). The 
parameters are: request Type, resumption Token, metadataFormat, from and until. Table 
4.2 show the types of requests and their use of parameters. 
Type of Request Description Parameter Use 
ListM etadataFormats Lists all metadata formats None 
supported by the repository 
ListRecords Lists the records available in the 11andatory parameters: metadataformat. 
specified format Optional Parameters: from, until, 
resumption Token. 














There are 6 parameters to be used with the requests, namely request Type, metadataFor-
mat, identifier, resumption Token, from and until. The parameters are either mandatory 
or optional, and one parameter may be mandatory for some requests and optional to 
others. 
4.4.4.1.1 requestType The requestType parameter is used to specify the type of 
request being sent to the server, therefore it is a mandatory parameter used in all requests. 
Request Example: 
http://www.example.com/Xharvester.pl ?requestType=List1IetadataFormats 
4.4.4.1.2 metadataFormat The metadataFormat parameter is used to specify the 
format of the record(s) to be harvested. The use of this parameter is mandatory for the 
ListRecords request. The use of this parameter with any other request should generate 
an error. 
The value of the metadataFormat parameter should be one that is indicated as supported 
by the ListMetadataFormats request. 
Request Example: 
http://www.example.com/Xharvester.pl ?requestType=ListRecords&metadataFormat=dc 
4.4.4.1.3 resumptionToken The resumption Token is an optional parameter that is 
sent in the response when the server sends an incomplete response to a client request. 
The client can then use the resumption token to retrieve the outstanding records. re-
sumptionToken is used with the ListRecords request. The use of this parameter with any 
other request should generate an error. 
How many records are sent per response is defined by either server settings or by the 
use of the date parameters, from and until. For example, if a server is set to send 100 
records at a time, but a request results in a response with 500 records, the server will 
sent 100 records and a resumption Token until all records that match the request have 
been sent. In this case it \vill send 5 response pages, the first 4 with resumption tokens 
and the last one either without a resumption token or with an empty resumption token 
field, to indicate that there are no more records left. 
The format of the resumption Token is defined by the se\·er. It can be encoded (resump-




An expiryDate value can optionally be sent with the resumptionToken to be used for the 
ListRecords request. This states a date at which the resumption Token loses its validity. 
It may be the date after which the repository contents will be changed (adding, editing 
and deleting content). The use of the resumptionToken after the expiryDate SHOULD 
generate an error. The dates used for expiryDate, from and until SHOULD follow 
thevV3ClO Date and Time Formats for Coordinated Universal Timell . 
lOhttp://www.w3.org/standards/ 











4.4.4.1.4 from and until The from and until parameters are optional date param-
eters used for selective harvesting. They allow the harvester to specify the time frame 
of the records to be harvested. These parameters are used with the ListRecords request. 
'Nhen from and until are not used, the server sends a response that includes records from 
the earliest to the latest dates recorded in the server. 
Request Example: http://www.example.com/Xharvester.pl?requestType=ListRecords 
&metadataFormat=dc&from=20l1-0l-0l&until=2011-09-07 
4.4.4.2 Types of Requests 
4.4.4.2.1 ListMetadataFormats ListMetadataFormats queries the server about the 
metadata formats it supports. It would normally be the first request to sent, since all 





<request >List11etadataFormat </ request> 
<lnetadata}ormat>dc</metadataFormat> 
<lnet adat aFormat >mets</met adat a.Format > 
</HIP-CFxharwst pr> 
4.4.4.2.2 ListRecords ListRecords provides a list of records in a specified format. 
It uses mandatory parameter metadataFormat and one or more optional parameters as 
specified in Table 4.2. 




<request >ListRecords</ request> 
<resumptionTokeu>lskgaf34702</resumptiollToken> 
<expir~'Dat e>2011-09-07 </ expiryDate> 
<l'ecord> 
<idcnt ifier>O00038XYZ </ idellt ifier > 
<contrilmtor>Jane Doe</colltrihutor> 
<creat or>J ane Doe</ creator> 
<creator>John Doe</crcator> 
<date>2000-03-25</date> 
<language >English </language > 
<title>Example Resource File</title> 
<description>This is an example of an XML file in the Dublin Core metadata format ... 
Dublin Core has 15 elements, it is very flexible because of optionality and repeatability 




















<title>Examplo de urn fic:heiro</title> 
<description> 
EstC' e urn exemplo de urn ficheiro em XML, no formato de metadados Duhlin Core. Esse 
formato tern 15 elementos. E oferece flexibilidade por muitos serem opcionais e repetiveis 




</HIP -CFxharn'st er> 
4.4.4.3 Error Messages 
The server ,vill generate an error if it is unable to decode the request sent. The server 
will not be able to decode a bad request. A request is considered a bad request if the 
requestType and/or any of the other required parameters is misspelled, do not exist or are 
missing; and if the values for the parameters are not in the correct format or are missing. 
It is advisable that the server provides the most informative possible error messages. 
4.5 Xbrowse 
4.5.1 Introduction 
Browsing is the process of going through a collection of items using specific criteria to 
find the items of interest. 
Xbrowse protocol is a high-level interoperability protocol that provides a simple service 
for clients to browse through collections of resources from digital libraries, databases and 
other sources of digital data. 
4.5.1.1 Protocol Model 
The protocol has two main components: a data repository or a server, a client application. 
4.5.1.1.1 The Data Repository The data repository is where the collection of re-
sources is stored. They can be developed by the Xbrowse implementer or belong to 
another institution or individual. As long as the repository gives the client application 
the necessary privileges for data access, ownership is not an issue. The Xbrowse im-
plementer MUST ensure that they have access to the repository records and know the 











Classifiers are categories used to index resources in repositories. They allow records with 
similar attributes to be displayed together when clients send requests for resources in a 
specific classification group. 
The client application can provide browsing support for as many of the repository classi-
fiers as wanted - it is not mandatory to use all the classifiers the repository provides. The 
classifiers can be used individually or combined, for example browse by type and year; 
and a classifier may have inner classification options, for example classifier age may have 
inner classifiers 0-10, 11-20, etc. 
A Xbrowse implementation may be developed to browse one or multiple repositories. 
4.5.1.1.2 The Client Application The client uses this protocol to browse the col-
lection(s). The browsing is done by choosing one or more classifiers. Classifier examples 
are: Year, Author, Status, Country, etc. 
\Yhen the client application sends a request to the server, the server processes the re-
quest and then returns a response containing records that are categorised by the chosen 
classifier(s). The results page can contain all records found, however it is RECOM-
MENDED that in case of a large number of results, subjective to the developers choice 
and size of each record, that the results are displayed at a limited number of records at 
the time. If no records indexed by the classifier are found the client SHOULD receive a 
no match found message. 
The choice of a classifier denotes that the records returned will all be linked by a sim-
ilar attribute. For example a classifier for Language will provide a list of the different 
language options available in the repository; and the choice of a language, for example 
Portuguese, will display all the resources in the repository that have been written Or have 
any connection to the language of choice. 
4.5.2 Browsing Examples 
4.5.2.1 General Browsing - Request 
When a general browsing request is sent to the server, the response is an X~lL file 
that contains a list of the records available in the server. That list is not necessar-
ily organised by any specific criteria. The server response SHOULD also include a 
list of the classifiers it supports. A general request could have a format similar to 
http://174.19.284.1/gina/cgi-bin/browse.pl 
General Browsing - Response 
<Xbrowse> 
<classifier>year</ciCk')sifier> 
<c lassifier>status</ classifier> 
<classifier >type</ classifier> 
<l"ecord> 
<title>Integrated Query of the Hidden Web </title> 
<author>Berman Sonia </author> 
<author>Kamkuemah ~lartha </author> 
<author>~Iuntunemuine John </author> 











single, common interface. This would allow users, for example, to compare flights for a 
particular trip across all relevant airline sites by posing a single query. This paper inves-
tigates automating this process in the case of airline databases hidden behind the Web 
(the so-called Deep \-Veb or Hidden Web). vVe first constructed a prototype for integrated 
query of a handful of pre-determined airline sites. This proved useful in detecting com-
monalities and differences in the sites, and in selecting the most suitable technologies for 
working with multiple forms. A generic system was then designed and components of the 
prototype incrementally replaced by domain-specific tools able to handle arbitrary airline 
sites. Our results were promising as regards result interpretation, with 89% of response 
pages successfully handled. However query formulation presented many problems, with 
only 39% of query interfaces automatically interpreted correctly, and even fewer amenable 
to automated query propagation. We conclude that integrated access to the Hidden Web 
is considerably more challenging than crawling the Surface \Veb, and that domain-specific 
systems are a promising approach to full automation. </ descript ion> 
<;\·ear>2010 </year > 




<title>Visual Dictionary for an Extinct Language, A </title> 
<Huthor>\Villiams Kyle </ aut hor> 
<author>1Ianilal Sanvir </a.nthor> 
<Huthor>1101wantoa Lebogang </author> 
<Cl.uthor>Suleman Hussein </author> 
<description>Cultural heritage artefacts are often digitised in order to allow for them to 
be easily accessed by researchers and scholars.</description> 
<year>2010</year> 
<tnw>Conference or vVorkshop Item</t~'pe> 
<st at us >Submitted </st at us> 
</record> 
</Xbrowse> 
4.5.2.2 Browse By Classifier - Request 
\Vhen brmvsing by a classifier, for example browsing by status, the request should also in-
clude the classifier parameter value and if necessary one or more inner classifier parameter 
options. In this example, http://174.19.284.1/gina/cgi-bin/browse.pl?dassifier=status& 
stat us=un published. 
Browse By Classifier- Response 
<Xbrowse> 
<classifier:>5tatus</ classifier> 
<classification>U npublished </ classification> 
<record> 
<tit le>MsIP</title> 
<author>Paihama Jorgina Kaumbe do Rosario <lanthor> 











municate with each other. In a Digital Libraries context this would involve a system X 
being able to search and/or retrieve data from system Y. Due to the increasing nature 
of people building systems that are connected via the Web, it is important to provide 
the simplest and more efficient possible means for systems to interoperate. This paper 
presents a proposed study on Meta-standardisation of Interoperability Protocols. The 
aim of this study is to first review the current state of interoperability between data 
storage systems provided by communication protocols; then design an interoperability 
framework that can possibly improve on the current set of protocols. </description> 
<W'ar>2009</ ~'ear> 
<t~'pe>Conference or ~Workshop Item</type> 
<Btatlls>U npublished </ st atllS> 
</record> 
</Xbrowse> 
As a proof of concept the three services were implemented. 1Iore details on the imple-












Evaluation and Analysis 
An evaluation was done in order to determine if the research done answers the research 
question. In this case does this research ans\ver the question: "Is it possible to develop a 
uniform suite of simple and efficient interoperability protocols to improw on the current 
medley of protocols?" The evaluation results prove or, in same cases, disprove the research 
question. 
Three distinct methods of evaluation were used: 
1. Case Study - implementation of the protocol services. 
2. User Understandability Evaluation - a study of how well users understand protocols. 
3. Entropy Calculations - calculations of the information content of X~lL files. 
The sections below describe how different metrics are used to evaluate if and how this 
experimental protocol answer the research question. 
5.1 Eprints Case Study 
The first step of the evaluation \vas a case study of the practicality of implementing the 
suggested experimental protocol. 
An EPrints digital library was used as the server for the case study. Figure 5.1 shows the 
EPrints user interface. Although the user interface \vas available, for protocol requests 
the client application sends HTTP requests via the URL and not by using the HTML 
forms available on the user interface. All response files are XML files. XML is the best 
format for inter systems communications because it facilitates the client's understanding 
and usage options for the data obtained. 
The client applications were all developed in Perl and the query language used was 
MySQL version 5.1.54. EPrints has available various API's to help programmers create 
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Based on the results from the user survey (see chapter 3) the HIP-CF suite of services 
was designed to be efficient and reliable but, most importantly, be simple, as opposed to 
complex and computationally expensive. Simplicity is assumed be a key factor to reduce 
costs, reduce the usage of resources both human and material, save time and possibly 
increase adherence of users. 
There are a number of possible ways to evaluate complexity/simplicity: 
Complexity Theory Evaluation 
Adapting the computational complexity theory definition l to fit this research, a complex 
protocol is defined as a protocol that solves a problem for which a simpler protocol can 
be used. 
For each given problem one specific approach/protocol may be simpler and/or be a better 
solution than another. This is what this evaluation will attempt to demonstrate. There 
is no one solution that is the" best'· for all problems - finding the best solution is as 
subjective as the needs and knowledge of the implementers. 
5.2.1 Understandability Complexity 
The understandability complexity experiment is a measure of how complex or simple it 
is to understand the protocol. Users were given the documentation of different protocols, 
one of them being the documentation of HIP-CF and the other(s) being the documenta-
tion of a protocol or protocols that provides equivalent services. Based on their under-
standings they completed a questionnaire to indicate what they thought was the simplest 
protocol. 
Kote: this was not an evaluation of the individual features supported by the protocols, 
i.e. users did not evaluate how a protocol supports search or browse or resumption 
tokens or sets, etc, to then compare it to an equivalent protocol. In fact a generalised 
approach to \vhat the protocol does was taken, rather than evaluating each individual 
feature supported. The functionality and features of SRU and OAI-PMH are covered in 
chapter 2 and those of HIP-CF in chapter 4. 
5.2.1.1 Pre User Evaluation Work: 
In order to avoid any bias towards or against the HIP-CF, when compared to the existing 
well established standards, the documentation was given to 5 masters students in the 
digital libraries laboratory at the Computer Science department at the University of Cape 
Town. In a focus group, the st udents were asked to read the documentation of the protocol 
and write comments, ask questions, give suggestions and their overall opinion about the 
documentation. They were asked to comment on grammar, writing and presentation 
style and content. Since this study aims at simplifying solutions available for high-level 
interoperability, the objective here was to get an outsider's perspective and ensure that 
the HIP-CF documentation is not written in a way that over simplifies things in order 











to attract the favouritism of participants in the user study. Changes were made to the 
documentation based on the feedback from the focus group. 
The feedback from the focus group led to a reduction in the size of the documentation as 
a result of even more simplification of the protocol services, but no major changes were 
made. The focus group was also important in determining the amount of time necessary 
for the user experiments. 
Each user only participated in the evaluation once, i.e. users who participated in the 
pre-evaluation work did not participate in the actual evaluation and vice-versa. 
The evaluation involved a total of 27 people plus 5 people in the pre-evaluation work. All 
participants are Computer Science students. 
5.2.1.2 Individual Protocol Service Evaluation 
The individual protocol service understandability evaluation involved a total of 23 par-
ticipants. The sessions were conducted in a controlled experiments environment. 
The participants \vere invited to be part of the evaluation session via emails through 
mailing lists, flyers and word of mouth. Each session lasted between 01:00 to 01:30 hours. 
Sessions started with a brief explanation of the project and an explanation of how the 
evaluation session was going to be carried out. 
Each user was given the documentation of two protocols to read. One was a HIP-CF 
service (preamble + specific service documentation) and the other was the documentation 
of a protocol that provides an equivalent service, i.e. a user that received Xsearch also re-
ceived the documentation for SRU, both of them being protocols for search and retrieval 
of resources, and Xharvester was compared to OAI-Pl\lH, both of which are data harvest-
ing protocols. To the best of my knowledge there is no formal protocol specification for 
a high-level browsing protocol, therefore Xbrowse was not part of the understandability 
evaluation. 
Additionally, participants were also given a consent form (see Appendix D) and a ques-
tionnaire (see appendix E1). The users were asked to read and sign the consent form 
before they could begin the reading process. 
After reading both documents the users were asked to complete the questionnaire. 
Individual Protocol Service Evaluation Results: Out of the total of 23 partic-
ipations, 6 were null answers, 10 responses provided a comparison between Xsearch and 
SRU, and 7 responses provided a comparison betvveen Xharvester and OAI-PMH. 
5.2.1.2.1 Null Answers The answers by 6 participants were considered null for the 
following reasons: 
1. 4 participants compared the HIP-CF preamble to its own serVIces: Xsearch or 
Xharvester. 
(a) Possible reasons for why some participants compared the HIP-CF preamble to 
its own services, i.e. Xsearch or Xharvester, instead of Xsearch vs. SRU or 











1. At the beginning of the session users where given an explanation that 
stated the fact that HIP-CF and Xsearch or Xharvester were two parts of 
the same framework (the preamble and the actual protocol service) and 
that SRU or OAI-PMH was the protocol to compare it with. Based on 
the fact that such explanation was provided and the fact that the other 
users understood and compared the correct protocols to each other, it is 
possible that this was motivated by the nature of the evaluation. The 4 
participants could have been distracted or read at a slower pace, when 
compared to the rest of the group, and therefore used the information 
from what they had managed to read when answering the questionnaire. 
11. The participants who got bored only read one of the protocols. 
Ill. Due to the fact that they did not understand the first protocol, the par-
ticipants did not even try to read the second one. 
IV. The researcher was not clear on the explanations about the evaluation 
procedure and the purpose of the research. 
v. The participants misunderstood the researchers' explanations. 
2. 1 participant understood and named the hvo different protocols to be compared, but 
his/her answers to the questionnaire were unusable because he/she clearly stated 
in question 9 that he/she did not understand either one of the protocols. That 
was also clear from the fact that the participant wrote that both Xsearch and SRU 
provide search, harvest and browsing services. 
3. 1 participant compared Xsearch to HTTP. 
5.2.1.2.2 Xsearch vs. SRU A total of 10 participants compared Xsearch to SRU. 
Out of the 10 participants, 2 were honours students and 8 were undergraduate students. 
Based on their answers, the following results were obtained. 
Programming Skills: The 10 students described their programming skills as follows: 
• 2 participants said that they are expert programmers. 
• 4 participants said that they are good programmers. 
• 4 participants said that they are average programmers. 
Findings: 40% of the programmers were average and 60% was above average.That makes 
them qualified to assess the possible degree of difficulty involved in implementing a pro-
tocol. 
Previous knowledge of high-level interoperability protocols: \Nhen asked if they 
knew any high-level interoperability protocols prior to this evaluation, the participants 
responded as follows: 
1. 7 no 
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Correlation between participants' programming skills and their responses to 
the questionnaire: Table 5.1 show the participants' self described level of programming 
skills and their choices for each main comparison category. 
Progr runming Q6 Xsearch Q6SRU Q7 Xsearch Q7SRU Q8 Xsearch Q8SRU 
Level 
Expert 1 10 4 10 2 2 9 
Expert 2 9 1 10 1 2 10 
Good 1 9 6 7 9 9 5 
Good 2 5 1 3 1 6 10 
Good 3 9 4 9 6 9 4 
Good 4 6 3 9 5 8 4 
Average 1 8 5 8 3 4 9 
Average 2 8 4 7 5 4 8 
Average 3 5 6 7 3 4 9 
Average 4 8 2 9 2 2 9 
Table 5.l: Participants' programming skills and their answers 
Correlation: 
• Question 6 - Understandability: 
\Vith a difference of just one level (9 to 10) it is possible to say that both expert 
programmers agree on the level of understanding of Xsearch, and although 
their levels of understanding of SRU are not very close (1 and 4) both are 
belmv average. Note that none of them had any previous knowledge of high-
level interoperability protocols. 
Except for one participant who rated Xsearch at level 6, none of the other three 
good programmers had any previous knowledge of high-level interoperability 
protocols. Two out of three rated Xsearch at level 9 while the other participant 
chose level 5. The understandability of SRU \vas also rated the highest by those 
who rated Xsearch the highest although at slightly lower level (i.e. Xsearch 9 
- SRU 6, Xsearch 9 - SRU 4, Xsearch 6 - SRU 3, Xsearch 5 - SRU 1). 
- Three of the average programmers understood Xsearch at level 8 and the other 
one at level 5, while for SRU it was two participants below the average line, at 
levels 2 and 4, one participant at level 5 and one at level 6. Tvv'o of the average 
programmers had previous knowledge of high-level interoperability protocols 
(the ones who rated Xsearch 8 - SRU 5, and Xsearch 8- SRU 4) and two did 
not. Note that the participant who rated Xsearch the lowest (5), is the one 
who rated SRU the highest (6). 
* The level of programming skills does not seem to have a big impact on 
the levels of understandability. This is based on the fact that although 
Xsearch was rated highest by the people with the highest programming 
skills, SRU was better understood by the average programmers than it 
was by the good programmers, and it was better understood by the good 











the conclusion that understandability is influenced by other factors more 
than it is influenced by the level of programming skills. 
• Question 7 - 'Writing and presentation style: 
The expert programmers both rated Xsearch's writing and presentation style 
very high at level 10, and SRU very low at levels 1 and 2. Note that as 
'with understandability there is a large difference betvveen the ratings for each 
protocol. 
In the good programmers group the one participant who gave both protocols 
the lowest ratings for understandability (Xsearch 5 - SRU 1), also gave them 
the lowest ratings for writing and presentation style (Xsearch 3 and SRU 1) 
suggesting that he/she did not really understand and \vas also not satisfied with 
the \vriting and presentation style of either one of the protocols. The other 3 
participants gave both protocols scores above the average line, i.e Xsearch 7 -
SRU 9, Xsearch 9 - SRU 6, Xsearch 9 - SRU 5. It is interesting to note that 
one of the participants who rated Xsearch at level 9 and SRU at level 6, in 
terms of understandability, which would imply that Xsearch is relatively easier 
to understand, then rated SRU's presentation style at level 9, and Xsearch at 
level 7, suggesting that he/she found that Xsearch's writing and presentation 
style is not better than SRU's although it is simpler to understand. 
All four average programmers rated Xsearch's writing and presentation style 
between levels 7 to 9, and SRU was rated at level 2 by one participant, two 
participants at level 3 and one participant at level 5. 
* For Xsearch the overall highest ratings where given by the expert program-
mers, followed by the average programmers and the good programmers 
had the overall lowest ratings. For SRU the highest ratings were given 
by the good programmers, followed by the average programmers and the 
expert programmers had the overall lowest ratings. 
• Question 8 - Implementation difficulty: 
Both expert programmers rated Xsearch quite easy to implement, at level 2, 
and SRU quite difficult to implement at levels 9 and 10. The difference between 
the values for each protocol is as noticeable as in the other two categories but 
the interesting fact to note here is that although both participants are self-
described expert programmers they both consider SRU difficult to implement. 
That indicates that their perceived implementation difficulty was more influ-
enced by understandability than by programming skills. 
- For the good programmers Xsearch's perceived implementation difficulty is also 
closely related to understandability, but the fact to note here is that the peo-
ple who claimed to better understand Xsearch were the ones who perceive its 
implementation to be the hardest. Also to note that overall the participants 
rated Xsearch as being simpler to understand with a good writing and pre-
sentation style, but all participants rated SRU as being easier to implement. 
Unlike the expert programmers, understandability is not directly related to 











"Much like the experts, average programmers also rated their perceived diffi-
culty closely related to understandability, with Xsearch as being easier (below 
average) and SRU as being more difficult to implement, at levels 8 and 9. 
* The level of programming skills was expected to have the biggest and 
most predictable impact on this issue, but this was not the case. Except 
to the average programmers, for all participants, the perceived degree of 
implementation difficulty was influenced by their levels of understanding. 
Programming skills and previous knowledge of high-level interoperability 
protocols were not very strong influencing factors. \Vhen the implemen-
tations were rated as difficult (Xsearch for good programmers, and SRU 
for expert and average programmers) the levels of difficulty \vere high re-
gardless of the programming skills (i.e. experts had an arithmetic mean 
of 9.5 (= (9+10)/2), the good programmers had an arithmetic mean of 8 
(= (9+6+9+8)/4) and the average programmers 8.75 (= (9+8+9+9)/4). 
The arithmetic mean for difficulty \vas actually higher for the expert pro-
grammers. This finding suggest that it may be better to present "not 
so good" programmers with "good" protocols than it is to get "good" 
programmers to implement "not so good" protocols. 
General comments: The last question asked participants to make comments about the 
protocols. See the comments followed by a brief discussion below. 
Xsearch 
1. Simple and easy to use. 
2. Cost effective (computationally). 
3. 1'\ ot very secure. 
4. Possibly slow data access. 
5. Should include a diagnostic model. 
6. Ideal for new users. 
SRU 
1. Very long and complex documentation. 
2. Computationally expensive. 
3. Robust and reusable. 
4. Hard to understand and implement. 
5. Good, precise and provides diagnostic support for errors. 
6. Goes too deep into lower levels descriptions. 











8. Requires previous knowledge of many different standards. 
9. l'\eeds practical and use case examples. 
10. Variety of parameters makes it adaptable to many systems. 
11. Only understood what it does towards the end. 
12. Have a brief and summarised version for quick referencing. 
Xsearch vs. SRU Conclusion 
The overall conclusion from the comparison of Xsearch and SRU is that Xsearch is not 
only simpler to understand but also has a more usable writing and presentation style than 
SRU. Although the ratings of the perceived degree of implementation difficulty between 
the t\\'o protocols are very close to each other, from this result it is possible to assume 
that because of the advantage in the other categories Xsearch is likely to have higher 
adherence, which supports the claims made by this research and imply that the SRU 
protocol could benefit from greater simplicity. 
5.2.1.2.3 Xharvester vs. OAI-PMH A total of 7 participants compared Xhar-
vester and OA1-P1fH. Based on their answers, the following results were obtained. 
Programming Skills: The 7 participants described their programming skills as follows: 
• 3 participants said that they are good programmers. 
• 4 of participants said that they are average programmers. 
Previous knowledge of high-level interoperability protocols: \Vhen asked if they 
kne\v any high-level interoperability protocols prior to this evaluation, all 7 participants 
responded no. All participants were introduced to high-level interoperability for the first 
time at the evaluation session. 
Level of Understanding Ratings: The participants were asked to compared their 
level of understanding of the two protocols, on a scale of 1 to 10 where 1 is 'I still don't 
understand the protocol' and 10 is 'I now have a good understanding of the protocol'. 
Figure 5.7 shows the results for the levels of understanding ratings of both Xharvester 
and OA1-PMH. 
Findings: Xharvester - All participants rated their levels of understanding of Xhar-
vester above average, all between levels 7 and 9. 
\Vith all ratings above average, the results indicate that Xharvester is very simple to 
understand. The result is relatively similar to that of its "sibling" protocol Xsearch, 
where 80% of participants also rated their level of understanding above average. 
Findings: OAI -PMH 86% of participants rated their levels of understanding as average 
or below average, and the other 14% chose level 8. 
\Vith over 80% of the ratings below average the results indicate that OA1-PMH is not 
very simple to nnderstand. The interesting fact here is the large difference hetween the 
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of unders,,,udiug, the !lumber" clmrly show that Xilarvestpf, with 00% ai)O"f awrag~ is 
simpl~r to nnrlfrS1.anri than OA 1-pJ\J H "it h flO% helow aWnll\" _ B'H'ri OIl ll", milhmd ic 
IllP8U "al U(~s Xhan'€,ler is potPll(iall,. simpl€r \0 uoofrstancl than OAI-P~!H_ 
\Vriting a nd Presentation Style R.ating~: the pmlicip'lIlt, W'"'' m;hxi to COlllpilW 
the writing and prt'>O"ntation st}i(".l o[ tlw 1"'0 prolocols; on a 5Cal~ of I to HJ whprf I i, 
'poor'and 10 i, ',",,"y good', Figure 5,8 ,IJOws lhe rt'8ults [or the wriling and pr"""'nta,l iou 
sl,.lf ratings of both X"",arrh anrl SRU. 
Findings: Xhafvest(,f - All participants rated til<' ir l~\pls of nnd~rsl alldin~ of Xhar-
V('Sl('f HhI"" "'~"H~", aU hI'IW(X'Il Ie,"] 6 and 10, wilh l"vd 8 ImviIlg tbt, mOOl volt'S (3) 
awl b<>ing thf only onp dlOS<'n hy morp than on~ partidpant. 
The rt.,;uh~ iuuimlt' Ihal, wilh ,-,II participallls raling it aoov(' averagf, Xhan'ester's 
writ.iul', ilI,,1 j)["""ulmi(\n ~tyk i~ g()()(], ill"! ,imp!" [0 follow ami oompl"hend , 
Find ings: OA 1_ PI\-lH _ 57% of part idpall1.s rat M t hf writ inl', and pres('ntatioll of (lAI-
1'/>.[1:1 below a,'erage and tlx' ot iwr .. 370 mtl'<i it a,'~rag~ or al)Qvf awragf. 
\Yit h lllOW t ball 50% of pmt ieipilllt , rating tbi~ "Hl"gory L>elow U\"rage, the r~s\llts Ifl-
rl iratf that OAI-P)"IH's writ ing amI pn,,,,,,ntation nm still hi, ma.rlc ~imp!"r lo faeilil"le 
readers/\l",'r~' abilily lO follow ",,,I CDmprt'iK'nu, 
The arithmetic mean for wriling ami pn.";('nL.atien ,lyle for Xharvesll'r is 8.3 (c1o>('r to 
\Tr~' I',o()(i) allu 1.1 lor OAI-PII I1I (do",,, lo poor), Comparing XhlU've;;l~r to OAI-I'/>'11:1 












XhaTvester v.s. OAI-PMH 
W!1Ung & PresentaDOn Style 
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Figure 5.8: X&.·t\[~h ,·s. OAI-PJ\lll Writing and Present"tion Slyl .. I\.ating" 
Per("f'ivf'n Degrf'e of Implf'm f' nti'ltiOll Difficllit.y' Tlw p"rtirip&nts W~l'" II-,k~rl to 
rate how diffkuit they think tIl" implt'lIH'ntation of tlw pto\ocob ould be. 011 " "c"j,· 
of 1 to 10 Wh~l~ 1 is ·~i\.~r· "lId 10 is 'rliffirult·. Fi);urr 5.9 sllOws 1.1 .... r~sults of th" 
l>€rct"in'<i degrt"t· of difficulty I\i;sodat(~1 with the implementation" or hoth Xhllrw'Strr 
ami O/Ii-PI>.fH. 
Flnnillr,"" Xhi'lryester _ 4J'!c of pllrti~ip"nts rR.trrl thpir perr"('ived degrPf' of rliffirult.y 
as"oda[(u with imjJh~ll"n\ing XluLf\'estcr 10 be below average, >Ul(llh" majorily, sjJ,.:ifi-
('nlly .~ 7'"/0, rat.~u l'lw implplU!'ntation of Xl",rv",\"r a.~ ahow awrar'," diffiruit . 
It is int ~wst in g to llot~ that. although XharH'st~r W8-' r"trrl 8-' simpl~ to undrrstanrl 
,wd ,~, haying a g"",j writinr', ami pr~""n\a\.ion style by ,JI parti~ijJallts(llo mting>< be-
low l.hr "'W"r',~ lin~ for bolh ""l.P(',ori('S), more than .'i<M of pIIIl.ieipants do Hoi "'-'<C its 
implementatioll as an easy tMk. 
FiIldiIlg~, OAI-Pl\lH - All pllitieip'lIlb ri<t,u their peH'<Cj\-,U clegn~' of difficulty a><MJ-
r iated with implementing OAI·P"IH "wrage or abow 1he awmg~ lilW 
The results indic"te t.hat. by umulimity, p"rticipant" agre>e that the pl·rceivl.,] d .. gr:c ... • of 
diffirulty """""i"l ""I ,,;ith illlpl~lll('lli ing Oil I-P:'I 11 ran~{"H from "Wnl);e to diffi",ll. Thc,c 
l'''''\llts "w not wry surprising if thp l'f'5\1 lts from t.h~ l ~\"pi of nndf'l"st"nding pw.lllation 
are tak .. n into consideration. 
Th!' a.rit.hlll~1.i(' Ill""" pere"i\-,~I clegn'<C of diffi(,ulty 'lhslwialed with XI"Lf\'Cst .. r's illlpl ... 
m~nti<tion is ~_7 (h"lf way betw""" ri\.~r "nd difficult) "nd 7_~1 for o.~I-P~1H (de>;<,,- 10 
diffimlt ) _ Comparing X har"""tpr to OA I· PIli 11 in t el'l!lS of pPl'rei\ E'rl rlo>groo of diffirultr 
3>o<>ciat-eo::j wit.h t.he imjJlemPlltations. th .. r:c'buits show \IS that ",hil~ th~ numhpl":; differ 
for .. ach protOL'Dl. the majority or pt<rlidpams "l'€ th .. impl .. mentation of either or t.he 
proweol' 1.0 be a rdHt.i\-d~. rlifficult, t""k. While thi, was '""P~'·1.!U for OAI-PIIIH baStu 
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Lev~ 2 L""~ 4 Uv~ 6 Lw~B lw..r 10 
Utv~ 1 Utv~ J L.~~ 5 Utvel 1 level 9 
le'lllil' uS}' , nd lev.'IO. Dlllltull 
F igure 'J~: X . ...,arch \ ·s . 0 . .1, I_P" I H f)PgI"f'<' of im plPlnPllt ation Difficult . .'" Ratin,.;; 
XharYf'StAf. 
Corrplatioll betwppll participallts' pro>7ammiu!,; ~kilh< aud their r,,~pul1se~ tu 
the 'lUI'S! ionnaire: T "hlp::; '2 show t lw p"rticipant8' splf rlffirrihf.rl l~\"!'l of prO!\Immllilll', 
,kill;; alld dwir d",iccs fOI c"d, maill u>nl]J1J.r:isull cat.-gOI)". 
P mgr anlllliJlg Q" Q" Q' Q' Q" Q" 
Level Xha1"Ve~ter OAI_PMH X h",·v.,,;ler OAI-P.II.lH Xhal"VflSter OAI-l'.II.IH 
C;c){x l 1 , , " , , , Good 2 " , , , , , Good 3 , , , , , '" Average 1 " " '" , , ,AVC"I"agc 2 , , ; , , , , 
~ ~ 
AYC"I""ge :J , , , , , " Awrage 4 , , , , , ,
Tllhl~ .~.2, P"rticipIIIlIS' I'rrlf!;rmlllnin" ,kilb alld theiI aIlSWeI' 
Corrplnt iou: 
• QUestiOll 6 - Ullderst a",lability: 
All thI"f'<' .qooJ )""'l<)rammfl'" filtM Xh"rw"'t~r ahm'~ IlYCIa"C frrlm level 7 to 
9, ,,-hirh illdir"tf'.'; ,'omf' "grppmf'nt ill t ilf';r filtill";; of "o<xi llIlders l.llIHlabil-
it.\-'. For OAI-PMH. one of the p"rt icipall1.' rllt f'C1 it at 1"",,1 8 lind t,hp oth", 
two participants Iated it boolow a\' ~rage at levels :j and 4_ lllilking llw OWfllll 










- The average programmers also rated Xharvester on the same range as the 
good programmers, from level 7 to 9. For OAI-P}'IH the ratings were be-
tween levels 3, 4 and 5, two below average and t\VO average, taking the overall 
understandability of OAI-PMH to just below average. 
* Programming skills did not have too much of an impact here - both groups 
of programmers rated the protocols quite similarly. All programmers but 
one rated OAI-PMH between levels 3 and 5. Overall, good programmers 
gave Xharvester an arithmetic mean rating of 8 (= (9+8+7)/3) and OAI-
PMH 5 (= (8+4+3)/3), and the average programmers rated Xharvester 
7.75 (= (9+7+7+8)/4) and OAI-P}'IH 4.25 (= (5+4+3+5)/4). For both 
groups Xharvester is simpler to understand. 
• Question 7 - ~Writing and presentation style: 
- Except for one participant's choice of level 2 for OAI-P}'IH, all good program-
mers rated the writing and presentation style of both protocols between levels 
6 and 9, which means that overall they were satisfied \vith this category for 
both Xharvester and OAI-PMH. 
\Vhile the average programmers all rated Xharvester above average, between 
levels 7 and 10, three of them rated OAI-P}'IH at level 3 and one at level 5. 
Contrary to the good programmers, they were not very satisfied with OAI-
P}'IH's writing and presentation style. 
* The overall feeling was positive towards Xharvester's style, but the two 
groups disagreed when rating OAI-P}'IH. The good programmers liked the 
style but the average programmers did not like it. 
For good programmers the arithmetic mean for the understandability level 
of Xharvester is 8 (= (9+8+7)/3) and the arithmetic mean rating for 
style is also 8 (= (6+9+9)/3), and for OAI-P}'IH, understandability is 5 
( =(8+4+3)/3) and style is 5.6 ( = (8+7+2)/3). 
For average programmers Xsearch understandability is 7.75 ( =(9+7+7+8)/4) 
and style is 8.5 ( =(10+8+9+7)/4) and OAI-PMH understandability is 
4.25 ( =(5+4+3+5)/4) and style is 3.5 ( =(5+3+3+3)/4), with only a 
small difference of 0.75 in each case. For both protocols the good pro-
grammers gave overall better ratings than the average programmers. 
• Question 8 - Implementation difficulty: 
- The good programmers had very different perceptions of the degree of im-
plementation difficulty for Xharvester (levels 2, 4 and 7), with an arithmetic 
mean of 4.3 ( =(2+4+7)/3), which is more towards easy than difficult. For 
OAI-P}'IH all good programmers chose levels 7, 9 and 10, which makes an 
arithmetic mean of 8.6 ( =(7+9+ 10)/3), more on the difficult side. 
Except for one who chose level 3, all average programmers perceive the Xhar-
vester implementation to be quite difficult (one at level 6 and two at level 9) 
at an arithmetic mean difficulty of 6.75, despite their claims on simplicity in 












* For the most part the good programmers were ahead of the average pro-
grammers in terms of finding things simpler and/or better in the different 
categories.In terms of the implementation difficulty of OAI-PMH,the av-
erage programmers, with an arithmetic mean of 7.25, think it is simpler to 
do it, when compared to the good programmers who rated this category 
an arithmetic mean of 8.6. 
General comments: The last question asked participants to make comments about the 
protocols. See the comments followed by a brief discussion below. 
Xharvester 
1. Simplicity is impressive and may increase adherence. 
2. 1'\eeds better error handling capabilities (handling exceptions). 
3. ~Iore functionality to provide a wider range of options to users. 
4. 1'\eeds to cater for data sets. 
5. Simple and easy to understand, less is more. 
6. Very well presented, tabular designs and diagrammatic presentation allows the user 
to understand the theory behind the protocol. 
7. Xharvester could increase adherence but for the potential to be more successful 
than OAI-PMH lies the possibility of supporting all features supported by OAI-
P~IH while maintaining its simplistic approach. 
8. Easier to understand, cover a minimal requirement set of features necessary for data 
harvesting. 
9. Flexible data storage, user friendly, uses existing technologies. 
OAI-PMH 
1. The documentation is more extensive, and therefore initially seems that under-
standing and implementing may be harder but it the long run it seems to be easier 
to use and clearer than Xharvester. 
2. 1'\ot flexible, communities have to adopt guidelines for sharing rnetadata prefixes. 
3. Because it supports too many features the implementation can be expensive and 
difficult . 
4. Seems to be able to handle greater volumes of data than Xharvester; 
o. Not user friendly. 
6. Can improve the style of presentation. 1- Due to the amount of information pre-
sented the protocol documentation could benefit from including more diagrams. 2-
Similarities/ differences between other formats would be better presented in a table 











7. \Vhile it seems to be more difficult to implement, the wider range of functions are 
an advantage to the protocol. 
8. Too much information, not conveyed in a way that is easy to understand, how-
ever towards the ends of the documentation good descriptions of how everything 
works were given. Some portions (request) \vere difficult to understand, specifically 
everything to do with sets. 
9. Keeds to cater for selective output files, allows users to select what they want the 
output to look like, as opposed to the current complicated XML file. 
10. Allow the option to locate a single record, and not just the set it is in (From what 
I read. it did not look like you could locate a record by way of its identifier). 
Some of the comments suggest that while participants seem to have appreciated a more 
simplistic approach (see Xharvester comment list, items1, 5, 6, 8) to protocol design, they 
are not willing to compromise on functionality (see Xharvester comment list items 2, 4, 
7). It seems that there is such a thing as too much simplicity. 
In other comments is is obvious that either participants did not read the whole documen-
tation, or because this was the first time they learnt about protocols they did not really 
understand them well. This is based on the fact that some of the claims made were not 
correct, for example item 10 on the OAI-Pl\IH comments list. 
In the case of comments such as 9 on the OAI-Pl\IH comment list, they can be the result 
of a lack of knowledge about the area and the technologies used, or because protocol 
designers assume that there are things everyone trying to implement a protocol should 
know, and in doing so leave out information that may be important to new users, such 
as the fact that the use of XML is appropriate for inter-systems communications. 
Based on the comments, this part of the evaluation concludes that the best approach to 
protocol design is to change the way things are currently done by introducing simplicity 
in the design guidelines. Simplicity should not be something left for after the design is 
complete, but rather it is a criteria that should be followed in every aspect of the design 
and process, thus making implementation and adherence easier. 
Xharvester vs. OAI-PMH Conclusion 
The overall conclusion from the comparison of Xharvester and OAI-Pl\IH is similar to the 
Xsearch vs. SRU conclusions. Xharvester also proves to be simpler to understand as well 
as more usable in terms of writing and presentation style than OAI-PMH. The ratings 
of the perceived degree of implementation difficulty between the two protocols indicate 
that, according to the participants, neither one of the implementations would be an easy 
task. Such result is surprising in the case of Xharvester due to the fact that overall it 
was rated simple to understand and easy to follow. As in the case of SRU, OAI-PHM 












5.2.1.3 HIP-CF Complete Evaluation 
HIP-CF complete evaluation was conducted the same way as the different Xscarch vs. 
SRU and Xharvester vs. OAI-Pl\IH evaluations. The difference in this case is that the 
participants were given double the time and more work. 
This part of the evaluation involved 4 Masters students from two different research labo-
ratories. Each student was given the documentation of 3 protocols, namely: OAI-PMH, 
SRU and HIP-CF (the complete HIP-CF documentation contains the preamble and doc-
umentation of 3 different services, Xbrowse, Xharvester and Xsearch), also a consent form 
(see appendix D) and a questionnaire (see appendix E2). 
As in the two previous sections, Xharvester was compared to OAI-Pl\IH and Xsearch 
was compared to SRU. Unfortunately Xbrmvse could not be compared to another high-
level interoperability protocol for browsing because there is no browsing protocol formal 
documentation available. 
The purpose of this evaluation was to analyse the protocol as a whole and the idea of a 
suite of protocol services as opposed to individual protocols. The results of this evalua-
tion are presented below. 
Programming Skills: the 4 participants described their programming skills as follows: 
• 1 participant said that he/she is an expert programmer. 
• 1 participant said that he/she is a good programmer. 
• 2 of participants said that they are average programmers. 
Previous knowledge of high-level interoperability protocols: When asked if they 
knew any high-level interoperability protocols prior to this evaluation, 3 participants re-
sponded yes and 1 participant responded no. 
Findings: 75% of participants said that they had prior knowledge with high-level in-
teroperability protocols. The protocols mentioned "vere HTTP by one participant and 
OAI-Pl\IH by the other two participants. 
Level of Understanding Ratings: The participants were asked to compare their level 
of understanding of the three protocols, on a scale of 1 to 10 where 1 is 'I still don't 
understand the protocol' and 10 is 'I now have a good understanding of the protocol'. 
Figure 5.10 shows the results for the levels of understanding ratings of HIP-CF, OAI-PMH 
and SRU. 
Findings: HIP-CF - All participants rated their levels of understanding of HIP-CF 
above the average level. 
·With 100% above average, the results indicate that the users' understanding HIP-CF 
ranges from relatively easy to really easy. 
Findings: OAI-PMH - was rated at average or above average by all participants. 
Kote that the two participants that rated OAI-PMH at level 10 are the two whose previous 
knowledge of interoperability protocols was exactly in working with OAI-PMH. The two 












HIP-CF v .S. OAI-PMH & SRU 
, 
L ...... 9 l .... ", 10 
L ..... l L ...... 9 
• HlP'(;F 
O .... '-PMH . ''" 
Fi!',llTP 5,](): PTnw{'()1 Slli tf vs. Individllal Prntm;oIs u'vds of LnucTHtanuing Hating> 
anu 6. ,,,,rc not l'Ullilial" with OAI-P IIIIl prior to the evaluat ion_ \\"ith 7:;';{ abo\'(' awrage_ 
OAT-PIIIH's llnderstandin,o: also ran!',€s from Telmively e'~"y to rm.!ly .,,~~): , 
Findiugs: SitU - Wi~" lhe only protocol to get a below awrage rating_ The rati ngs fOf 
Ihis protocol "-ere dividffi hy ahont .'Il7c IwtW'Ul r"aJly '''~~T to umkrs liuld and m-erage 
or below. >UgJ,'t'"c( iug (hm it is e"",ier [or people "' ith knowledge of high-level imeTop€r-
abilit): protocol, to llnd,'r.--talld il, l ha.,n it i, lor t ilu;c wilh nO prior know lodge, 
Writing and P rcsculation Stylc Ratings' The panicip8nts weTP a"kt'<:! to compar~ 
the "Titing and pn"..,ntation "t~,'ks of tl", t.llf(~' prot(K'OI" on ,,~~ale of 1 to 10 where 1 ig 
'poor' ~nd 1(1 is 'WTY good' _ Figurp .,) ,11 sho",; t hp r""nlb for 11", writ in!', ,md pn,,*,mat iOIt 
>lyle raliIlgs of HIP-CT, OAI-PlI lll and SilL. 
F illdillgS: HIP-C F - 1 part icipam rat"d thi s cat"gor)-' hdow ",·"rag" and lh" oll",r :\ 
rat(\(l it above (,,"cragC'. 
\\"i lh 7.')70 abo\"" "",rag" lil,' n " " lts iIlui~ate (hal lliP-CF's wriLing and presentation 
style is well acrepted by t he p~rti('ipR,nts, sl1g1',€st ing t,h R,t il is ~impl" and "as)-' 10 lilliow 
and c(~npreh('"d, 
F indinK>: OAI-P l\UI - 1 panicipanl raleu lhi>< calegory a\"l'ragc and the other ::1 all 
rm"d it ahow awrag~_ 
::;-OlW of the participa ts rated this ca tegory Iwlow awr~ge_ This rt'Slllt indicates That 
OAI-P),ll1 'g wriliug and pre>emalion slyk is also wdl-a~("pl('u. making it simple ~nd 
f'U;:, to follO\\' ~nd ""ml'rph~nd _ 
Find i llg~, SHU - 1 p~rti('ipant rat"", this mtf!',ofY hdow ",-em!',,,. ll'articipaut rated 
it ~\'PT~g~ and thp other 2 participRllh rated it abow a\'fT~gf_ 
SlIL Tat ing:; for writing alld pTmcntatio!1 style Wl'Tl' ba l ~llCfd i:><>tWf'fn Rwragf and allow 
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Figure 5.11. l' rotocol Suite _8. indi,'iduJ I Protocols \\ riling and PrescnlMion Style 
iT Hl)(w€ ~wrage_ While irs lowest rJt ing is The same as the HIP·CF ]OV.'eSf faling. its 
hjghest raling is not as high as the olhor pwtox'<:lis highest ratings. 
PartieipHIlt~ rat"" whal th~y know (OAI-I'l\lH) or IIlP-('F hi),;],,'r than th~ othAr optiOIl. 
Pcrcei;·cu Degree of hlli.dl'IIlentatiun Dilliculty: Th" pMlieipauts "we l\;;kod to 
rat" how difli~n l t thpy thillk lh~ illlp],'llwntatimi of Ih.· protocol, w()Hld tH" on "H('ill~ of 
I to 10 where I is 'ell;;," and 10 i" 'cliflkuh ' Figure 5.12 :;hows the l'c:;ults of the perceiveu 
degnw of diflkllity """,)C;atLu witll th~ iIUplpmpntat.ions oj' IIlI'-CF, OAl-f'~111 and SRU. 
Findings: HTP-eF - I pal1idrJl1t ra\~d the J-".'l'c~h'~d d~gn;e of diJiiClllty w,s<..>ciJtoo 
,dth illlplcllloutin~ 11iP-CF l\;; In ,,,,em)',,, t""k a!H1 tlw otllcr 3 pani<:ipllllto mtL"! it, ahow 
awra.gp 
With 75% of ratings abow aW'mge, 2j~ or it at level 9, HlP-CF's implcmcntation is 
pcn-ci,,-,,! H~ difficult . 
Findings, OAI_Pl\·IH _ 1 participant rJtM the perceh'e<l degree of difficulty asoociMoo 
with implcmcntiu)', O.'\J-Pl\11l bdo,,' avera)',c 1lIld the other 3 mtL"! it above awrage. 
TI!~ re"nito indieat~ that US with !lIP-C'F. OAI-Pl\IH implementation w,~~ consid"r",! 
fl.h<)W Hwrage rliffkult by moot partidpants, in thi" case al"" by ,5% 0[ rarlihpant", 
although at ddrownt b·~ls. 
Fi",lillg~: SRU - 1 I,,\.rti~lpant mt", l til<' percei,·.,., degr"" of diflknlty asS(~;i"t",1 wn.1! 
;lllplpIUPntin~ SRU lwiow a""ragp "nd the othpr 3 part iripant.s rat.M it "J-.we Hwrage 
difficnlt _ 
Simil"r to the other two prot()('<)ls_ SHU wSlllts J lsQ imlicJte that 7:;% of participJnts 
lJen:ei,'e implemcntation to bc all above-avArage dilficlllt t""k. 
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10; Il",anin,,; that 1",/6h,· llndPr"toori aU or theIll \'Cry welL );o[e llml (hiB 











had already implemented OAI-PNIH. This may be the contributing factor for 
his/her ability to understand the other protocols .. 
The average programmers both had previous knowledge of high-level interop-
erability protocols - they rated their understandability very differently with 
average 1 rating between levels 3 and 6, specifically HIP-CF 6, OAI-PMH 5 
and SRU 3, and average 2 rating HIP-CF 9, OAI-Pt--IH 10 and SRU 9. 
* Programming skills did not seem no have much of an impact here - what 
did is the previous knowledge for the two participants who had worked 
\vith OAI-PMH before. They (good and average 2) best understood all 
the protocols. Although the expert programmer did not have previous 
knowledge of high-level interoperability protocols, he/she understood the 
protocols better than the average programmer with previous knowledge 
of high-level interoperabili ty protocols (average 1). So in the case of the 
participants who had previously implemented a high-level interoperability 
protocol, previous knowledge had a stronger impact than programming 
knowledge and it can be speculated that for the participants who never 
implemented a high-level interoperability protocol programming level had 
a bigger impact than previous knowledge . 
• Question 7 - \Vriting and presentation style: 
The expert programmer rated the writing and presentation style of the three 
protocols at the following levels: HIP-CF 9, OAI-Pt--IH 5 and SRU 4. Although 
at different levels, this is the same decreasing order given for understandability, 
with HIP-CF rated the highest, followed by OAI-PMH and SRU the lowest. 
This time the difference between the levels is higher, of at least 4 levels between 
protocols. 
- The good programmer rated the writing and presentation style of the three 
protocols at the following levels: HIP-CF 7, OAI-Pt--IH 9 and SRU 8. The 
difference between the levels was not as big: OAI-Pr.IH was rated the highest, 
followed by SRU and HIP-CF was rated the lowest. 
The average programmers rated the writing and presentation style of the three 
protocols very differently. average 1 rated HIP-CF 4, OAI-PMH 6 and SRU 
5, while average 2 rated HIP-CF 9, OAI-PMH 10 and SRU 7. They had the 
same level of programming skills and previous knowledge of interoperability 
protocols, but once again average 2's previous \vork with OAI-PMH seems to 
put him/her ahead with the highest ratings for all protocols. 
* The overall best ratings for writing and presentation style was given to 
OAI-PMH, followed closely by HIP-CF and SRU got the lowest ratings. 
Again, previous knowledge is a big factor on participants' ratings and level 
of programming skills does not have a very big impact. 
• Question 8 - Implementation difficulty: 
- The expert programmer rated the perceived degree of implementation difficulty 
associated with the three protocols at the following levels: HIP-CF 9, OAI-











the other protocols, and rated its writing and presentation style simpler but 
rated it as the hardest protocol to implement, at level 9. He/she perceives the 
implementations of OAI-Pl\IH and SRU to be equally difficult, at level 7, but 
still easier than that of HIP-CF. 
The good programmer rated the perceived degree of implementation difficulty 
associated with the three protocols at the following levels: HIP-CF 5, OAI-
Pl\IH 3 and SRU 7. Not surprisingly, as this participant has already imple-
mented OAI-PMH, he/she finds its implementation to be an easy task, at level 
3. For the good programmer, the difficulty of implementing HIP-CF is average 
and SRU is almost half-way between average and difficult. 
Once again the average programmers rated the perceived degree of implemen-
tation difficulty associated with the three protocols quite differently. Average 
1 rated HIP-CF 6, OAI-PMH 6 and SRU 3, and average 2 rated all three 
protocols at level 9. Although he/she has already implemented OAI-PMH, 
m·erage 2 still finds it difficult, and he/she believes that the implementation 
of any of the protocols would be equally difficult. Average 1 does not find 
the implementation as difficult as average 2. In fact, for average 1 the imple-
mentation of SRU would be easy, and the implementation of either HIP-CF 
or OAI-Pl\IH would be just above average difficult. 
* Assuming that previous knowledge of the subject has a bigger impact than 
programming skills when it comes to implementing protocols would be ac-
ceptable at this point given the results from users. Although an expert is 
expected to find programming exercises easier than a good programmer 
and a good programmer should find them easier than an average program-
mer, this evaluation has shmved the opposite for most cases. This can be 
a result of poor self-qualification of the participants - programming skills 
or, as said above, previous knowledge does have a stronger impact than 
programming skills when it comes to rating the expected level of difficulty 
in solving a problem. 
An interesting fact to note is that even one of the participants who has 
previously implemented OAI-PMH (average 2) rated it as above average 
difficult. It may be confusing to understand the reason behind this since 
this participant had ratings which suggested that all protocols were easy 
for him/her to understand and that he/she was satisfied with the writing 
and presentation style. An assumption is that average 2 may have con-
sidered that greater understandability and flexibility at the surface level 
may have concealed higher complexity at the implementation level. 
A suite of protocols vs. individual protocols: The participants .vere asked to give 
their opinion on whether is it better to have individual protocols (which is the current 
situation) or have a suite of protocols, i.e. one protocol that supports multiple high-
level interoperabilityservices (proposed in this research) .As seen on table 5.3 question 
10 (see Appendix E2), 3 participants chose option A and 1 participant chose option B. 
The results indicate that all participants agree that a suite of protocols is a better than 











A suite of protocols would be a great idea because \vhen a programmer implements one 
service he/she would have to read the protocol (preamble and service documentation), so 
if the same programmer wanted to implement a difference service from the same suite, 
previous knowledge of the protocol would be an advantage. 
General comments: Participants were asked to make comments about the protocols. 
See the comments followed by a brief discussion below. 
HIP-CF 
1. Easier to read than the other two. 
2. Documentation is abstract and not very detailed. 
3. One request-response may make implementation more complex than multiple request-
response paIrs. 
4. ~/Iulti-service support is an advantage. 
5. Kot very concise, hence certain implementations to the developer which may involve 
inconsistencies. 
6. Xbrowse sounds very tightly coupled. 
7. \Vould benefit from having an X~IL style sheet for validating the XML. 
8. The diagrams, tables, images, and terminology make it easy to understand. 
OAI-PMH 
1. Not hard to read. 
2. Very detailed explanations, at low levels. 
3. Kot easy to fully understand but implementation is made easier by the level of 
discussion. 
4. Simplistic. 
5. The standards used are well explained. 
6. Very limited services. 
7. Overwhelming amount of text makes it hard to read. 
8. Most examples were easy to understand, however it IS unnecessary for a single 
example to span over multiple pages. 
9. Kewly introduced concepts were highlighted. 
SRU 
1. Difficult to understand, but the protocol model makes it easier to understand. 











3. Good explanation of how the URL parameters are constructed. 
4. Lacks conciseness in certain implementation areas. 
5. The language used in a bit inconsistent. 
6. The query language can be very complicated for simple but multi-parameter searches. 
7. SOAP support is an advantage. 
8. Limited services. 
9. Rigid Components. 
10. Good examples, good one-liner explanations for the different sections. 
11. Could benefit from adding images and diagrams. 
The comments indicate that there were mixed feelings towards the protocol presentation 
styles, with participants saying that HIP-CF is easy to read and the tables, images and 
diagrams are an advantage but also saying that it is abstract and the lack of conciseness 
may lead to inconsistencies. One thing that the participants agreed on was the fact 
that a multiple services approach is an advantage. One user suggests an XML validator 
for HIP-CF but that would not be possible as the X1fL response may contain or not 
contain any values chosen by the implementers, and any kind of validator would create 
unnecessary and unwanted constraints. 
There were comments about OAI-PMH being too long and hard to read with unneces-
sarily long examples, and there were comments saying that it is not hard to read it, that 
OAI-PMH is simplistic and that the explanations are very detailed and that the level 
of discussion made it easier to understand. Again mixed reviews. SRU was said to be 
difficult to understand, require prior knowledge of the subject, rigid and also that it is 
not concise, but participants appreciated the protocol model, the fact that it is SOAP 
based, and the quality/type of examples. 
According to these results a lot can still be changed to improve the protocol documenta-
tion. 
HIP-CF Complete Evaluation Findings 
The results suggest that OAI-PMH is the simplest of the three protocols, followed by 
HIP-CF and then SRU. 
It is also noted that previous high-level interoperability protocol knowledge is an impor-
tant factor for participants/possible users to understand any protocol. This is evident 
from the two participants who were familiar with OAI-P:MH - this clearly helped them 
in understanding the other protocols, that was noticeable by their scores to all protocols 
which were in most cases higher/better than those of the other two participants. 
Also important id the fact that all participants agree that a protocol suite approach is 
good. So it can be said that ideally high-level interoperability protocol services should 











Overall Understandability Evaluation Conclusion 
The participants who had never worked/used any of the protocols evaluated here found 
HIP-CF easier to understand when compared to the other protocols, for both single 
services evaluations, and the participants who had experience in working with any of the 
protocols evaluated here found the protocol they are familiar with easier to understand, 
specifically OAI-P~IH simpler than HIP-CF and SRU. 
The idea of a protocol suite was well received and approved by participants. 
The participant ratings on all questions were affected more by their previous knowledge 
of the area than by their self-reported level of programming skills. 
It may be time to change the way things have been done until now and merge all 
the efforts tmvaros facilitating high-level interoperability to form a "super protocol" that 
supports all services. And in doing so, simplicity should not be accommodated during the 
"How To Improve This" phase, but should rather be one of the main design requirements. 
5.3 Entropy 
The field of information theory introduces the concept of Entropy (E). Entropy is a mea-
sure of the amount of order or predictability in a message [8]. The value of entropy is a 
small number when there is a lot of order and it is a large number when there is a lot 
of disorder. Entropy is directly related to data compression, in the sense that ideally the 
length of a message after it is encoded should be equal to its entropy. This is a measure 
of the quantity of information or the information content. 
Why measure entropy? 
The value of entropy is equal to the minimum number of bits necessary to encode a 
message without losing any valuable information. This number helps eliminate non-
crucial information from the message, such as pieces of information that have a probability 
of 1 because they do not change. They are always present as long as the message format 
remains the same, for example, the <html> and <body> tags in an .html file. Elements 
with a probability of 1 have an entropy of O. 
Using the entropy value, a message can be compressed to obtain the representation of 
the data file that occupies less space but preserves all the information [8]. 
5.3.1 Entropy Calculations 
The overall entropy is the av rage of the entropy of the individual probabilities occurring. 
It is calculated by the following formula: 
E = - ~7 R logPi bits. [8] 
\Vhere: 
• E is entropy; 
• the sign (-) is used to obtain a positive value, due to the fact that if a probability 











• l:~ = the sum of all probabilities from i to n; 
• P = the probability of an event occurring, such that Pi = the probability of event 
1 occurring and Pn = the probability of event n occurring: 
• log = the exponent a fixed/base number is raised to, in order to produce a given 
value; in this case the exponent is 2; 
• bits is the unit of measurement. 
In other to calculate the entropy of llwssages obtained from the difi"crent protocols, some 
restrictions will be made. This is to create a common base line for all protocols, and 
also because the size of the message, particularly big messages, can lead to cumbersome 
calculations. 
5.3.1.1 Facts and Assumptions 
All individual items in the response are used in the calculation. The tags will be calculated 
as a whole but the elements inside the tags will be calculated as individual characters. 
Tags 
Tags are usually divided into two categories: mandatory tags and optional tags. A 
mandatory tag will always occur and therefore has a probability of 1, while an optional 
tag mayor may not occur and therefore has a difi"erent probability. A tag may occur 
more than once if it is repeatable. Both mandatory an optional tags can be repeatable 
vvith no limitations as to the number of times a specific tag may be repeated. 
Elements within the tags 
Consider a gaming application that creates Xl\IL files to store the names of players. 
Before playing the game the player must write their name which is then stored as the 
following Xl\IL file: <name>Jorgina83</name>. In this file the tag "<name:)' will 
always occur and it will never change, therefore it has a probability of 1. The same is 
true for "</name:)'. However the name within the tags will change, so the probability of 
it being "Jorgina83" is not 1. for elements that change the entropy calculation involves 
each individual character of that element. In the case of the name Jorgina83, one would 
ask what is the probability of the first character being a J? There are 26 letters in the 
English alphabet, each of these letters can be used in upper or lower case, creating a total 
of 52 possible letters, and there are ten possible numbers from 0-9. 
There is a very large number of possible punctuation marks, typography, and currency 
& intellectual property symbols, but to keep the calculations manageable, our allowed 
character set will only include the following punctuation characters: space [ ], comma 
[,], full stop [.], hyphen [-], two hyphenminuses [-], quotation marks [" and "], colon [:], 
semi-colon [;], slash [I], brackets [( and )], percentage [%], underscore [_] and terminating 
character [0]2. 
It is acceptable for a character set to be restricted to a specified number of characters. In 
his "Prediction and Entropy of Printed English" [77] paper, C. E. Shannon only used the 
26 letters of the alphabet; Hamid Moradi et a1.6 [53] used the 26 letters of the alphabet 
2The characters chosen were the ones that appeared in either one or both X~IL files used in the search 
entropy calculations plus the terminating character which is necessary to know where a string ends which 











ami" "paep dlaraetPr' and .\\"i1limn J. Pai"lpy '~ eharaetpr ""I indndffi thp 26 lpl1pm 
of th,' alphabet plus the :;pa"" character alld lhe full ,lOp pllnctuatioll ma\'k [641 ill his 
pntropy ('ak'iiati<",". 
Th~ allowro Ch8\'8ct~r sd [or thi~ r~semTh will be C'Olllprisoxl of a tot81 of 7~ possihl ~ 
ehw:acl<'I8. Th,'wfole lhe probability of lhe Jirst chM,u;ler b"lll~ a J is 1.i77. Thal 
probability i" calculatNi lilr paeh innivinual ehara(;jpr for plpmpnt" in~idp "ta),; that 1lIP 
known lO ch8ng~. 
Th ealenlatioll arc dOlle kr~,pill~ within ",'rtain ,illll-'liolic ,wstlIul-'lions, sneh a8 the facl 
that paeh chaJll.dpr within a tag ,,~ ll haw t.hp "amp probability. III a rpal lifp ~ituatioll 
thi>o wOllld not be th~ case, as th,' encoding of ca~h individual cha\'acl~\' will hav~ a 
dilk"'llt prob"bility of oeCllrrin),; at a ('ertaill pia"" )';iwn it.s U"" (pllJlCtnatioll dmrcu-teIsJ 
and giwn th~ pN'violl, charact~r(,) c~rtain l ~l1~rs and,ior mlmb~rs wOll ld h"w a highp\, 
or low~\' proh8bility thall other,_ Auotlwr i"u~ that would h8\'~ to be C'On,iderro ill a 
rpallif" ,",,'Ilafio i" the ,',,->p of hipmr('hieal PUtH'l-'.Y, wlH'H' th~ e"./eulatioll ,,"ould illvol\-" 
d~mpnt, pN'';f'nted in "hi ~\'archkal mamwr "nd n~stro within othNs 
" .:1.1 .1 . I Se=<:h Entropy : Similar r"lll""/.s aTP spnt nsing X"",areh ann SRI T - Sim-
ilar not in format O\' how th~y ar~ proc~:;..«<l hut ~imil"r ill tlw fact that in hoth caSeS a 
HXjU"S, is s"nl to felI;,'ve a If'('OId that mat"h"" the 4n~ry tPrIll "inlelopelabilily' Mid 
l.hp num),pr of matching rC('()rns in th~ response ""'~" rf'StrictM to 1 Figl1rf'S 5.1:1 and 
!.i. 14 show th~ X':-"IL rr"]JO]bC lil'1< "bwilled from each of the H'411eo L-; ; 
<response> 
< I ()( ai_mal r hes> 2 <!tOla I_mat rhes> 
<!l'Cord> 
<litle>Achif"ling Inlemperabilily in crilicallT and rummunications systems /<lIiUe> 
<creator>Desourdis, Robet'll.<lcreator> 
<description>lncludes bibliographical refmnces and index<ldescriplion> 
<ide n Ii fi er>06482 X Y Z <Ilden Ii fi er> 













< n,.Nr<" 110 trio. ". 1I~.po n", ~ 
<>""'''';00 ~ 1.1 </V>" ... ",ioo ~ 
< ""nu",b<>.om""o""~235</""b"mb...1){R .. <.()rd. ~ 
- <b'''''''' ..... > 
-<"'I<'Cord ~ 
<u,....-onlS~ ... m.>lnro, ..... /SChemoJllII< ... l _l </n'I"K"nlS~h.m.> 
< .. ',....-onll'.c ~ng ~ ","l ","", ... cordl' 4Cl.ing> 
-< ... ,_"nl ... ", > 
- "" "'-_ dc.dc HI ,. d ,o IU aLo""tlo n . "Iru"",,,. I><J'..,JJIIOJ lid< =""_ bltpJ/'«ww_Loc_9'" 
"""'nd.~,,~~bemo_nd":. 
- " tltI.> 
_~cluowlg mtoropo"'bU,'Y It! cntIeol IT aod oomm","""ooo _,-"om, 1 
</tiU.> 
« .... "'..,.1>o""ut"0:U" 1101>01"- I </C .... '''r~ 
<I) ~ ~!8Xt <It} 1''''' 
<pubU.h.""80f\<oo , Atu<:h HO .... . <lpubU.h.,.,. 
< d.t 0 ~(>(l<\_ </d. ,,. > 
< I.llqu.g. ~"09 <fluoqu ~o ,. 
<dE'$crtp'iun> In<Iu"'" blbU"qroph"'.1 1'$( ..... """ In<I Ind •• _ </dncrtptlo,, > 
<.u bJ ... t> Inlam.rwarklng IT O[""""""unlCO tlon) <1<ubJec t~ 
- <.ubJo-c'> 
~ m. rg(O!K:)" ........ g.""", -t;onlltlual<;Uwn mtem.·";:omp\llor ""rwork' 
</."bj.<1> 
< Id. "tIfi .. ..,. URN 1 S8N gn I S!l!i91l897 <lIdoll utipr> 
<Ideo t1hu>UI\N I SIIN, 15()69J3~95 <1\<1 on Ilfi.,.,. 
"I ..... -_oc,dc > 
</H'".COnl ...... " 
.. ... ~onIPo, ItiOD " ! <In, r"e< onIPo, lt10n ,. 
"In:"","nl> 
</z., ....... n:I..,. 
</ ... , ... "'" b Rotrt., "Re 'poD •• " 
F'igur~ !d~ SRll rf'Sponsc file ueed to calculate clltropy 
X search 
The X\IL ti l", 'f'Tu.nf'<l from an X..,arrh '&lu""l, 8-nd th  probabilities ,~<sociated with 
the uiffc.eIlI l'lemeut" lIIe' showll 1",low: 
<resJloIl~e > I>. landmory lag (1).1), probability of th .. string or tag (P) = 1 
<1otaLmatch~~> M, P = 1_ 
2() P = 1/10. The lotalllUlllbt>r of matching records will always ),e 8- numeric '·8-1ue, and 
sinc!" thl"rf' are only 1 0 possi)'l~ opt ions for num~ri" ""I",., th~ prohabilit~· of that numb"r 
bt>ing 8- 2 is I/j(). in ca.-;es wh~rl·lh~r .. is more Ih8-n OlW digit the cakulati{~l is clone for 
f'il.ell individual digit. () h ,~~ a prolmbility of 1/77. 
</totaLnmtches> 1>.1. P = '-
<rccord>"f. P = 1/2 * fl. Th",re i~ a b()r:>o chill"·" of a InatdliIl)', record bcill)', ""mllahle. 
~,t i tlc> Optional (0), P = \ /10' J_ Titl~ is on~ ofthf' \" optional 8-mi [f'pf'atabjp DC 
~jeIll('nts. 
Adlieyillg illteropemhility ill critical IT ""IlU comnmniC8.tioll systems / 0 P = 1/77 * ()1L 
The probability ur ea"h iudi,'idual "barlU'tcr is 1/77 be,·au"" there arc 77 cluu'a.c lNs in 
the 8110wed ch&rac1.er set, 811d th 8-1 lltlU1i>€r is lllultiph..d by .'>() bf'('au"" th~r~ 8-r~ ,,0 "hnr-
acters in th!" lilk 0 has >\ proh"\'ility or 1/77_ 
</ title> 0, P = 1/15 * 6. 
<crea tor> 0 , P = 1/15 * 7. 
D.osourdi", RoL.ert 1.0 r = 1/77 * 20. () has a pro),8-bility of 1/ 77_ 
..---.j creator>0, P = I/Li * 8. 










Illrind,," bibliugraphicll reierem'ffi and i n d~x () P = I/ Tl • -16_ (j h",~ a prohahilily of 
I I Tl. 
</de~eription> O. P = 1/ 15" 12. 
<id pnt ifi pr> O. P = 1/ 1;; ·10. 
06-ltl2XYZU P = I / Tl" 8. 0 has a probahility of I / Tl. 
</ideIltifipr> O. P = 1/ 15 · II. 
<keyword > ),!. P = L 
lulfropfmbilil} Ci P = 1/ 77" l{j_ 0 has a probability of 1/ 77. 
</keyword> M. P = I. 
</rpcord> "- I. P = 1/ 2 * 7. 
</1"e~ponse> "'!' P = I . 
= (1<'1120)*( (H 17)))+(lvyd,T,).(-I))+(/0g.,{",).(-\O+6+7-8+11+12 -10-
JI))) + (/og2\,,,) * (-(1 +n9-1 + 2011 + !GIl +tl+ I-I(j+ 1)1) 
= (1())I,2 ~ (61 7)) - (i'':'I2Hh (I)) + (log,l:; ~ (::; +6 + 7 + 8 + 11 - 12 + 10 -11)) - (IOY27h 
(I +(i8+ 1 + 20+ 1 +4li+ 1 + ~ - 1 - 16-1)) 
Elllwpy = 132-1 bils 
Accord ing to Shamwu[77j, lhe cutro!'y of encwiu~ uue ehaul("ler is t·hp lOll; of the t.ot fll 
Illlmber of prol)8.bilit:; option6, in this r",*, for dm:ra('t"" wilh a prob"bilily of 1/77 lhp 
lOll; of 77 = n bit, per ehar&:l.I?r fur etJ.Ch c1Mradfr iu tlw l<lIow",] "~t; [or charadcTh wilh 
"prol:><lbilityof 1/1 .1 t ,h~ lOll; of Vi = 1 hit" peT dw,rwclfl' [or fach oplion~.l Vtg lo!,: of 10 
or;, bil~ fur ",-,eh llumerk ch,u'udfr, awl log of 2 = 1 hit. rwr cimra,kr for ~ham~ lers ill 
lags with a .){)/!YtI rhaIl"" o[ "" nrWIlee. Tl~ mmlualoI." lags have" prohabilit.y ()f 1 ami 
lhfrf[ure a.u eIllwpy of 0, SO l hAy l<N' not All(',~] 'xl. SIJaIlIlUll', timor,' (;(tIl b€ eoufimlPd 
from th" num)",,, ohl"ill!?<.l ubovf, 
T J-w lot·a l pnlro{l!' for ('hmactcm with a proh[,bilily o[ 1/77 is HI3--t(119779214(j::;~J, this 
Il\unber clividflCl hy 1(8, whi('h is th" total Illlmbel' u[ dmracl.ers wil h a probability of 
1/77 = (i.26(i7~G:;lOW-19. whidl uWIOxim"tffi to (i bits rwr dl"r~,Mpr. 
j 'hp (()l~.l ~ntropy fOl ri mmrt'''" wilh a probabilily of 1/1:; is 27:l-ltl2;)-ll(j92J%, this 
llLHUb€r uiviued by 70, wh ich is lh~ tOW,1 numhpr of rhamde"", with" prob"bility of I/l!) 
= .1.9{)3~ml~!)''iG(jii5. ",hid, "pproxinmll"S 10 -l bils])"r d'l<r~d~r. 
The l()jl<l ~ntropy fOT dlflmrt~rn "'ith " prohabilily of 1/10 is G.6,r.l8!J(j l ~9774 ~, this 
numbpr divid""l hy 2 "'hirh i, t h" t.OWl uuIllhcr uf dmrael€r6 wilh ~ probabi li ty ()f l /HI 
:j.321ll2~IfJ48~74, whi('h ~:pprox i mat"s to ~ bits per dlamd(~', 
The tot"l eutropy for chl<rl<rt~TS wit h }) prohability o[ 1/2 i, 1.1. this uumber clividp(1 
by U, which Is the total llumber of chl<rl\.Cl~rs with l< prohabili ty of 1/2 = 1. which 











The XldL file rd"m",j [rom on SRU 1wl"",,1 ann th~ probabilili.,s a"so~iate<l with the 
riiff~r~nl pl~nwnls arp shown b elow 
<zs:scarchRctrie"eRebpOll~e>M, P = I. 
~",b :vcniull>II'- P = L 
I 10 f' = I/Ti ' 3. () h...-; a pruUauilit~· uf l i n 
"---.jzs:\'crsion> III , P = l. 
<ZS:IlIlmberOffier[)rcls> ~I. r = l. 
2:J5 (1 f' - l / to" 3. () bas a proOOuilityof 1! 77 
"---.jzs :nulllberOIRc~urds> .... . . P = 1. 
<zs:re~urd~> M. P = l. 
~"' s:r<"("Orcl> III. f' = li2 * 9_ TbpTl' is a [,(J/50 chance ofa ma1ching reron:l being al"!lil-
aule-_ 
<zs:rcrordSchp",,,> III. P = l. 
illfo=-rw/rolem,,/ l/dc-d.1 VI P = 1/ 77" 25. 0 has a IJrohauility of 1/77. 
</,",s:l'ecurdSchenm> P = l. 
<J;s:l'ccorciPacking> P = l. 
"mil l f' = l i n ~ 3. (1 has a probabili1Y of l i77. 
</,",s:l'ccordP"rkillp;> P = l. 
<J;s: rpcorcln"t,,> P = l. 
<sr." _dc:dc xsi;s~henmLo~ation= "illfo:~rw ..' schelIl"..' I ..' n~-~dwIlla hi II': ..' ..'www.l0Cl;O\i/ 
Htondmris/ ""/ rL"Si)Un'''''i nc-sdlPma. xsn" 0 > p' _ 1/77' i 15. 0 has II prol~hility of 1/77. ' 
Th", prob"hility of t hb t"li h:; clI-kulll-too dilfl'relltJy frolll other [}('Cause the COllvmt within 
chauge'S with the mNad!\ta format. 
<t iTJc>P = 1/15' 5. 
Adlic"in!-\ interopcrability ill critiwl IT >UHj wIlllmmi~acion ~vstelIl" / 0 P = 1/77" 
G!), 0 h"" a probabil ity of 1/77. 
</ titJe> P = 1/15 • G 
<crelltor>T' = 1/15 ~ 7. 
D""mrriis. Rohcli 1.0 P = 1/77 t 20, 0 has" [lI'ohllbility or 1/77 . 
..---.jcrcator> T' 1/15" 8. 
<type> P = I/L,) * ,1. 
textO f' ~. 1/77 ~ 4. (1 h38 a ptob"bility of 1/77. 
</ type> P = I/L,) t ,~, 
<Jlllblishe!' >P - 1/1:; * 9, 
Rostoll ' Art,,<,h HO\l:;E',O I' = 1/77 ' 22. () Iw.~ a pro/mllilit." of 1/77. 
</publishcr>P = 1/15' 10 
<,-late> T' " 1/15 * 4. 
2OJJ.O P = 1/77 * ,,) (J I,,~, " prohahi lity of 1/77 
</datc>T' c 1/15 ~ 5. 
<hmgullge> P = I/I~ • 8. 
eIl!-\() P = 1/77 * ::\ {1 "'~, 0 probahilityof 1,/77 
<jl"ngllRg"> f' ~ 1/ 15 ~ 8. 
<ciflScription> P = I/I~ * II. 












</rlpscription> P = 1/ 15 • 12_ 
<subject .> P ~ 1/ 15' 7. 
Intf'rTIPlworking (T"I"Commulli~"'tion)O P = 1/ 77 • ;t')_ (J hils II prohahilit~· of II Tl_ 
</subjed> P = 1/ 15' i--_ 
<subject> P = 1/ 15 ' 7_ 
EIIl<'rgf'lWY mllll ~gem"nt COllllllunicil tion ~.I'stellls-COlllpl1t er net,vorh.n P = I /T! • 
63_ () has " prohabilil.,- of 1/ 77. 
</~ubject > P = 1/ 15' 8_ 
<idf'utificr > P = 1/ 13 • 10_ 
URNJ Slf \ ;97815009338970 P = l In' 22. 0 hR.~" proh.<lllilily of li n 
</identifipr> P = 1/ 15 ~ 11_ 
<identifier> P = 1/ 13' 10. 
URN:ISU'\:159693.1S95(1 P = 1/ 77 * 19. O lu""" probnuility of 1/ 77_ 
</identifipr> P = 1/ 15' I I. 
'.jsrw _decrleO > P = 1/ 77 * 10. 0 has a prohability of 1/ 77. 
</ zs:recordData> r = I . 
<zs:r<'CordP osit.ion > P = I. 
10 P = 1/10. 0 has II probahilily of 1/ 71. 
</zs :recordPosition> P = I. 
</7-s:rf'cord > M, P = 1/ 2 • 10. 
</zs:rccords> P = I. 
</zs:scarchRctricvd-tcspom;.c> P - I. 
Using the formub H = - ~7 1-'; IUIIF'; vil~ 
= ( 1()~\;2m.( -(~- 111 )) )+(ic'!iA +, ).( -(3+ 1)))-(IogA "')*( -(5+6+7 +~-H5+9- 1() --1-
5· 8-1 9+ 11 + 12+7+8+ 7-1 fH 10-1 11· 10-11)))· (imn(?7 )*( -(3+ 1+ 1+25+ 1+3-1+ 11 5+ 
1-1 ()fl-I 1-1 20-1 1+4-1+22+ 1+:i-I+:3-I-¥ i+ 1+3,,+ 1-6:J- I+22+ I + 18-1+10+1+1))) 
~ (log,h(9+IO))· (lu!h 1O*(3 +1))+(I''!)215*(5-(i-I7-1 fi· 1+.1+9· 10+1,5+8-9+ 
II I 12 -I 7 - il+ 7 + !1 + 111+ II - 10+ I I )) - (lO!12 77 . (:1+ I + 1- 25+ 1- 3+ 1 + 11:; -1 +69+ 
1 +20- 1 +4- 1 +22+ 1-5+ 1 +:3- J +-16 + 1-35+ 1-63+ 1 +22+ 1 + 19+ 1-1 to-I + 1)) 
= (1(~2 • 19) + (/0'12 III . 4) + (/og.,l:; ~ 175) - (Io[t;. 77. -182) 
= 19 -I B.2fi 7712 3 7g_~ 190 fi8.:J.70585 12:314875 + :302115911 1 2(i 1.j9 ~ 18 
Gntropy __ 3737 bits, 
The C~lt,rop~.- of any two rliffprpnt fi ll'S will n,,\1'r l)f' Ihe "ome_ It will depend on the si,e of 
Ih" file ~l1 d on the ",mollnt of "Ilnpred kt"hl" inform"tiun, which is the information that 
dOf'R not h",\Ce ~ probahili ty of (I , The X:;€ilr~h Iii" contains Jess information and therefore 











5.::\.1.1.2 Harv~t.ing Entropy Calculations: Th~ c"knht ions weT~ rlon~ on t,,·o 
X/>.]L fjks ()btain~d as rcs!,on""" t.o the harn-,;t.ing L~'(!/CWTd", request.Figures 5.15 aud 
0.16 :;how thp X/>.lL [PSron"" fi ips oilt"ineO from ~"-Ch of the r~qllests. 
Xharv,,~tu(· 
!.lelow is the entropy ('a.lcui"tion for rhp X/>.]L fj ip rptmneO from an Xl1>uTcst.cr rCf]lwst 
(so.", Figure 5,15), 
Ueing thp formula P = - E;' P, l()g!', ml,' 
= ( 1(ll',2(~)*( (6 1 7))) 1 (10."..,(10)*( ll))· (I(}Y2(i)~( -(HG-G+7-G+7+G+7+ 
G-7-6-7-1I-12-11J+ II -4-Ci+ 1+0))) -(1092(:,) * (-( II -I - 1!1 1 1+ 2+ 
11115 I]·](i 11·1711-21J+1-15-1-14-1- 1162+1+8+1+19+1+IIJ-I+lljj 
= (log"2*(G-7ll+(lo~h1O*(II))-(log-, l h(:,+6+6-7+G. i I G I 7-6 17 I 
G 17+ 11 12 1 10· 11-4+':;+4-:;))+(log:l77~(11+1+l!:l+ 1 +2-1+1I~+ 
1+16+1+17+I+W+l+1 5 ·1114 ·1 1 11G2 · 1 1 8+ ]+19 I ]-IIJ-I+l)) 
= (log,2 * 13) I (In,q,](j. 1 I) + (i().thI5 * ]38) - (lo,m 77. 1442) 
= 13 + 36,54]2090437GI4 - 5:j9.15IJJI12I93973 - 903G.71)(i191tX\2C4~R 
Entropy c 962Ci bits, 
OAI-Pl\1H 
!.lelow i:; thp entropy c"kulation for the Xl>.lL fjip relnrncrl from an OAI-P/>.]H rCf]ucst. 
(sec Figurc 5.16), 
Using the formula L = - E~ Pi logr: ("Is 
(log,(1).(-(6+7)))-(log-,(~).(-(8-!1+IO+II+IO+11 110 1 11 10 I 
11 + 10+ 11 +1O-11+IIJ- II + IIJ+ 11-14 + 1~-7+M+7+8+ 13+11))) + 
(IOfh(M~( (113 I I+W 11169·11 :j4+1+1I111 32+]+lIJ+l+ 18-1+ 
2(J+ l+2,)+2,J+I+2,J-I+26 -1+1 21 - 1 +1 11 - 1 1 1G 1 1 1 17+1 I 20+]+ 
]5 I 1 I H I 1+29+1 +37-1+27· ]-1162· I-IIJ+ I + 19+1+42+ I + 10+ 1+ 1\J+ Ij)) 
(log.,2.(6- 71 )+(lo!t,15 . (8+9+ 10-11- W+ II + 1IJ+ 11-10- 11 - HJ-ll +10 I 11 I 10 . 
II + lO+ 11 + 14 I 15 . 7+8 I 7 I 8- 13 I 14)) . (log, 77. (ID+ 1-20+ 1+69+ 1-3--\-1- II + 
1+32+1+IO+ 1+1R+1+2(J+l· 25- 25-1+2,) I I· 2G I I ·121+1+114·1+16-1+17+1+ 
21J-I + I ~+I+ 11-1+2'-J- I +37- 1 +27+ 1- 11 62+ 1- 10+ 1+19+1 . 12 I 1 I ](j I I . If) . 1)) 
= (log,2 * ]3) - (/og,l" • 27]) + (log,77 * 2128) 
= 13 I 1058,]Gi3,)1109!Xl35 I 13335,7217,)85%7472 











Lih in t,h~ s~"T<'h ~ntrnpy r"lrll lnrion thc ,-nine will ah"ay" oc higher for thc fik with the 
hi,,;l,cst information ~ont~nl, In alleu",-,s it would h~ posfjbl~ to ~IJrod~ 'mol clf'{'.od~ th~ 
li l"" withont the 10.," of riat ,,_ FOT the han-c"lin),; Gl.lcnlation~ tlw Entropy of OAI-I'~llJ 
is almost 50% high ~r than th ~ Entropy of Xh"fVflStpr 
For oo d, scaT~h and han-coling entrol-'Y caiclliations Ihe HIP-CF servic~ hlW~ fhown 
COllfidpr"hly lowf'r nllmhf'r ofhitf n"""""ary to ~ncork its ' mess,,),;es, t h'Ul it ih I1",."e,.,mry 
10 e])(;od~ tlw llle>lOages of hoth SHe "nd OAJ-PldH_ Thns indicating th"t HJP-CF call 
provide" l_wUer dala wmprc"Ssion ralil}. 
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5.4 Evaluation Conclusions 
Three distinct forms of evaluation were conducted; an implementation case study, a user 
understandability evaluation and entropy calculations. 
The use case confirmed that it is possible to implement simple but still efficient protocol 
serVIces. 
Overall, for the understandability, the individual HIP-CF protocols were rated as being 
simpler to understand, having a better presentation/writing style and being easier to 
implement, when compared to their counterparts. 
For the evaluation of the whole suite there was a 50/50 split on the ratings, with half 
of the participants rating HIP-CF services higher while the other half rated SRU and 
OAI-PMH higher, but from both groups the ratings of two protocols that offer similar 
services were very close to each other. 
Preyious kno\vledge of interoperability protocols played a more influential role in partic-
ipants' ratings than their level of programming skills did, so much so that in some cases 
participants with a higher level of programming skills level rated their perceived level of 
programming difficulty higher than participants \vith less programming skill but who had 
previous knowledge of protocols. 
The idea of a suite of protocols as opposed to the current set of individual protocols has 
been well received by all participants of the complete evaluation. 
Simplicity has also been well received by the majority of participants, however, some 
participants felt that the HIP-CF suite could benefit from more functionality and less 
flexibility, but the general response to\vards HIP-CF was positive. 
The entropy calculations in both cases, showed that using Shannon's entropy formula, it 
is more cost efficient to encode an HIP-CF message than it is to encode its counterparts, 
and in some cases by a very big difference of bits required. 
The results above suggest that the answer to the research question: Is it possible to 
develop a uniform suite of simple and efficient interoperability protocols to 












Conclusion and Future Work 
6.1 Conclusion 
In this research it has been hypothesised that, if interoperability is made simpler, then it 
increases adoption levels, making it is easier for programmers to understand and imple-
ment protocols, therefore leading to more interoperable systems. 
To that end, an experimental suite of protocols was designed, implemented and evaluated. 
The usability evaluation tested to see how programmers would react to an alternative 
suite of protocols. The evidence from consulting programmers showed that they would 
rather implement the suite of experimental protocols than the existing set because of 
greater understandability which then leads to an easier to implement protocol. That 
evidence suggests that the suite of experimental protocols are easier to implement. 
This research does not suggest that anybody should ever implement the HIP-CF proto-
cols. Rather what it says is that there is enough evidenc  from the experimental study 
to suggest that it is possible to do better than ,ve are currently doing, and also calls 
attention to the possibility of a new route for the design of high-level interoperability 
protocols. 
The user study showed that HIP-CF could be a better alternative, which implies that 
the existing set of protocols are not necessarily as good as they can be. 
The entropy analyses showed quantitative evidence that the HIP-CF protocol's mini-
malistic approach results in more efficient encoding. The case study demonstrated the 
feasibility of implementing and efficiently providing high-level interoperability services 
through the proposed simplistic suite of protocols. 
This research has shown that the current set of protocols can be substantially improved 
on. These improvements could, and maybe should, be the result of a deeper analysis of 
the goals of today's protocols and also a collaboration amongst the different groups that 











6.2 Future Work 
If the findings from this research are to be taken into consideration and llsed, a number 
of steps would be required to be able to achieve the best possible interoperability and 
integration of protocol services.Some of these steps are: 
• The creation of a standardised vocabulary to be used for high-level interoperability 
protocols. This eliminates any ambiguity in terms of understanding what a specific 
word/verb/request means for a particular service. 
• The creation of standardised unique identifiers for digital objects. This would be 
particularly helpful for communities implementing more than one interoperability 
services, for example a user creating a collection of documents that are harvested 
and searched from multiple servers. 
• This current set of protocols adhere to a more simplistic way of presenting their 
content. These are well known and trusted standards, but to keep users and wel-
come ne\\' ones, they could benefit if protocol developers include simplicity in the 
design requirements list. At an initial stage or as a test stage, communities could 
implement a quick reference guide to their protocol implementation. This guide 
would give users the minimal set of necessary rules to implement a specific protocol 
and, if needed, they could refer to the full documentation for a more detailed and 
complete analysis. 
• The creation of one suite of protocols that supports multiple the high level inter-
operability services with multiple features support for each service. 
Just as important, if not more important, than the implementation experiments men-
tioned above are the possibilities for further research experiments. 
Possible new areas to be experimented with and explored in terms of high-level interop-
erability protocols research are: 
• Design and evaluation of a complete experimental protocol suite that supports more 
interoperability services than the three used for this research, i.e. search, browse, 
harvest, syndication, deposit, etc. 
• Evaluation matrix. The design of a matrix that includes all possible combinations 
of protocol evaluation techniques, for evaluating various aspects of protocol de-
sign. Such a matrix could allow designers to choose the combination of evaluation 
techniques that is best suited to prove/disprove the research hypotheses. 
• Automated integration of simplistic suite of protocols into digital archives. Design 
tools that would allow archive managers to create support for a protocol by applying 
a few minor changes through an easy to follow set-up process. 
• Automated simplification of interoperability protocols. By creating a simplification 











• Flexibility vs. Implementation Complexity: a study to find the balance between 
flexibility and implementation complexity, using HIP-CF flexible services and com-
paring them to a less flexible implementation. The HIP-CF services presented here 
combine simplicity and flexibility and as such support for some features is recom-
mend but not mandatory. While that gives the programmers a lot of flexibility to 
choose which tools and methods to use it may in some cases increase complexity 
at the implementation level, with programmers having to cater for multiple possi-
ble options (associated with non-binding recommendations) for what can be large 
sets of clients and servers applications. Interesting insight of whether programmers 
favour flexible but complex implementations or not flexible but simpler implemen-
tations could be obtained. 
Some specific examples where less flexibility and less complexity could be applicable 
in the HIP-CF framework are: 
In section 4.4.4.1.2 (Xharvester - metadataFormat) the sentence "The use of 
this parameter with any other request SHOULD generate an error" would be 
changed to mandatory and became "The use of this parameter with any other 
request MUST generate an error". The same would work for section 4.4.4.1.3 
(Xharvester - resumptionToken) where "The use of this parameter with any 
other request SHOULD generate an error" would change to "The use of this 
parameter with any other request MUST generate an error". 
In section 4.4.4.1.3 the option to have either an empty resumptionToken or no 
resumptionToken would be eliminated and only one of the options would be 
used as a mandatory implementation guideline. 
In section 4.4.4.1.3 "The use of the resumptionToken after the expiryDate 
SHOULD generate an error. The dates used for expiryDate, from and un-
til SHOULD follow the vV3Cll Date and Time Formats for Coordinated 
Universal Time" would change to "The use of the resumptionToken after the 
expiryDate MUST generate an error. The dates used for expiryDate, from 
and until MUST follow the W3Cll Date and Time Formats for Coordinated 
Universal Time" . 
• Improve and extend existing protocols: This can be done but running a user study 
similar to the one in chapter 3. Once shortcomings for the target protocol have been 
identified then the appropriate measures can be taken to improve on the protocol. 
This can be used an xtra tool for protocol designers to decide on the changes 
necessary for each successive version of a protocol that is released . 
• Implement the HIP-CF services using different tools to the ones used for this re-
search, for example use CQL instead of MySQL, using Atom's <link rel= "next" 
href="www.example.com"> instead of the resumptionToken, and JSON instead of 
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Appendix A: RSS Channel Elements 
Element Occurrence Description 
title :Mandatory The name of the channel. It should match the title of a 
website containing the same information as the RSS file. 
link Mandatory The URL to the website corresponding to the channel. 
description Mandatory A sentence that describes the content of the channel. 
language Optional The language in which the channel is written. 
copyright Optional A notice of the copyrights for the content in the channel. 
managingEdi tor Optional The email address of the editor. 
webmaster Optional The email address of the Web administrator. 
pubDate Optional The date at which the content was published. 
lastBuildDate Optional The last time the content was edited. 
category Optional Specifies one or more categories that the channel belongs to. 
generator Optional A string indicating the program used to generate the channel. 
docs Optional The URL that points to the documentation for the format used 
ill the RSS file. 
cloud Optional Implements a lightweight publish-subscribe protocol for RSS feeds 
that allows proceSSf'S to rf'gistcr with a cloud and be notified of 
updates to the channel. 
ttl Optional Time to live or ttl indicates the time (in minutes) a channel can 
be cached before refreshing from the source. 
image Optional Specifies a GIF , JPEG or PNG image that can be displayed with 
the channel. 
rating Optional the PICS (Platform for Internet Content Selection) [93], rating for 
the channel. 
textInput Optional Specifies a text input box that can be displayed with the channel. 
skipHours Optional Indicates the hours during which aggregators may not read the 
channel. 












Appendix B: Atom Elements 
Element Type Description 
atom:feed Container The top level element of an Atom feed document. It acts as a 
container for the data and metadata associated with the feed. 
atom:entry Container Represents an individual entry. It acts as a container for data 
and metadata associated \vith that specific entry. The atom:entry 
element can appear as a child of the atom:feed element or it can 
appear as a stand-alone Atom Entry document. 
atom:content Container A language-sensitive element that contains either content or links 
to the content of an entry. 
atom:author 11etadata A Person construct that indicates the author of the entry or feed. 
atom:category Metadata Indicates the category associated with an entry or feed. 
atom:contributer Metadata A Person construct that indicates a person or an entity who contri-
buted to the feed or entry. 
atom:generator Metadata Identifies the agent used to generate a feed. This information is 
used for debugging and other purposes. 
atom:icon Metadata Contains an URI that contains an image that shows the visual 
representation of a feed. 
atom:id Metadata Presents the unique identifier of an entry or feed. 
atom:link Metadata Defines a reference that links an entry or feed to a Web resource. 
atom:published Metadata A Date construct that indicates the time of an event early in the 
life-cycle of the entry . 
atom:rights Metadata A Text construct that provides information about who or what 
institution holds the rights over an entry or feed. 
atom:source Metadata Stores the atom:feed metadata for an atom:entry that is copied 
from one feed to another. 
atom:subtitle Metadata A Text construct that shows the description or sub- title of a feed. 
atom:summary Metadata A Text construct that contains an excerpt of an entry. 
atom:title 11etadata A Text construct that contains the title of an entry or feed. 
atom:updated Metadata A Date construct that indicates when last an entry or feed was 











Appendix C: User Online Survey Questionnaire 
Survey Questionnaire 
1. What is your level of confidence with each of the following protocols? 
Choose your answer from 1 to 5 according to the values explained below. 
Choose your answer according to the following values: 
1 - Expert implementer 
2 - Implemented (have written code for an implementation of the protocol) 
3 - Read and understood 
4 - Heard about it, but do not know the details 
5 - Kever heard about it 
Please choose the appropriate response for each item: 
RSS 1 0 2 0 3 0 4 0 5 0 
~OM 10 20 3D 40 50 
APP 1 0 2 0 3D 40 5 0 
Z39.50 1 0 20 3D 40 5 0 
OAI-P}'lH 10 20 30 40 50 
OAI-ORE 1 0 20 3D 40 5 0 
SRU IvV 1 0 2 0 3 0 4 0 5 0 
S\VORD 10 20 3D 40 50 
Other( s) 1 0 2 0 3 0 4 0 5 0 
2. If in question one you choose other(s), please name the other protocol/s 
that you are familiar with. Write the name of the protocol followed by the number 
that indicates your level of confidence with the protocol. If there is more than one pro-
tocol separate the list with commas (,). 





















5. How do you believe these protocols could be improved? 
Your opinion on improvements for interoperability protocols in general. If you are not 
making a generalised comment please name the protocol before making the actual com-
ment. 
6. General comments about the protocols. If you are not making a general 











Appendix D: User Evaluation Consent Form 
Meta-standardisation of Interoperability Protocols 
Consent Form 
1.. .............................................................. , hereby agree to take part in this experiment/ 
evaluation session. I understand that I will be asked to read documentations of interop-
erability protocols and then given my understanding, I will answer a questionnaire which 
will be used to collect data for a Masters research project evaluation. I understand that 
the aim of this experiment is to collect data to compare different protocols that provide 
the same service, and that the results may potentially bring changes to currently used 
interoperability protocols. I understand that when reporting on results the researcher 
will not use my personal information. I agree to forgo of any rights that may arise from 
the data I provide or the research results of the project. 
Signature ............................................................... . 











Appendix E: Understandability Complexity Question-. nalre 
El: Individual Protocols Evaluation Questionnaire 
Thanks for participating in this study. This is part of the evaluation of a 1fasters project 
called Meta-standardisation of Interoperability Protocols. 
Task: 
The aim of this study is to assess which protocol service is easier to understand and seems 
simpler to implement. 
You have been given the documentation of two distinct protocols to read. Based on your 
understanding of each protocol please answer the questions below. 
Please tick the box corresponding to your academic level. 
Undergraduate Degree Student/Holder: D 
Honours Degree Student/Holder: D 
1Iasters Degree Student/Holder: D 
Ph.D. Student/Holder or Higher: D 
Question 1 
Name the two protocols for which you were given the documentation to read? 
Protocol 1: ___________________________________________________________________________________________ _ 
Protocol 2: ___________________________________________________________________________________________ _ 
Question 2 
How confident are you as a programmer? Specify your highest level of confidence in the 
programming language(s) you use. 
l. I'm an expert programmer D 
2. I'm a good programmer D 
3. I'm an average programmer D 
4. I'm a beginner D 
5. I'm not a programmer D 
Question 3 
Before this evaluation session where you familiar with these or any other high-level in-
teroperability protocols? 
Yes D NoD 
Question 4 
If your answer to question 3 was yes, please specify which protocol(s) and your level of 
expertise based on the scale below (Example: Protocol Name - 2) : 











~rotocol: ______________________________________________________________________________________________ _ 




Note: For the questions below protocol 1 and protocol 2 refer to the protocols as assigned 
in question 1. When the same answer applies to a question on both sides (e.g. question 
5 has the same answer for both protocol 1 and protocol 2), you may answer just on one 












PROTOCO L 1 __________________________ _ 
Question 3 
What kind of service does protocol 1 
provide? _____________________________________ _ 
Question 6 On a scale of 1 - 10 , 
1 being I still don't understand the 
protocol and 10 being I now have a good 
understanding of the protocol, rate your 
understanding of protocol I? 
1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 10( ) 
Question 7 
On a scale of 1 - 10 , 1 being poor and 10 
beingvery good, rate the writing 
/presentation style of protocol 1. 
1 ( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 10( ) 
Question 8 
On a scale of 1 - 10 , 1 being easy and 10 
being difficult, rate your idea of what an 
implementation of protocol 1 would be. 
1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 1O( ) 
Question 9 
General comments about protocol 1 (e.g. 
critiques, suggestions, tips for improvements, 
notes). 
119 
PROTOCOL 2 ______________________ _ 
Question 3 
\Nhat kind of service does protocol 2 
p rovi de? _________________________________ _ 
Question 6 On a scale of 1 - 10 , 
1 being I still don't understand the 
protocol and 10 being I now have a good 
understanding of the protocol, rate your 
understanding of protocol 2? 
1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 10( ) 
Question 7 
On a scale of 1 - 10 , 1 being poor and 10 
beingvery good, rate the writing 
/presentation style of protocol 2. 
1 ( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 10( ) 
Question 8 
On a scale of 1 - 10 , 1 being easy and 10 
being difficult, rate your idea of what an 
implementation of protocol 2 would be. 
1 ( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( ) 8( ) 9( ) 10( ) 
Question 9 
General comments about protocol 1 (e.g. 











E2: Suite of Protocols Evaluation Questionnaire 
Thanks for participating in this study. This is part of the evaluation of a 1Iasters project 
called Meta-standardisation of Interoperability Protocols. 
Task: 
The aim of this study is to assess which protocol service is easier to understand and 
seems simpler to implement. And also assess the feasibility having of a suite of protocol 
serVIces. 
You have been given the documentation of three distinct protocols to read. Based on 
your understanding of each protocol please answer the questions belmv. 
Please tick the box corresponding to your academic level. 
Undergraduate Degree Student/Holder: D 
Honours Degree Student/Holder: D 
1lasters Degree Student /Holder : D 
Ph.D. Student/Holder or Higher: D 
Question 1 
Name the protocol you were given the documentation to read? 




How confident are you as a programmer? Specify your highest level of confidence in the 
programming language(s) you use. 
1. I'm an expert programmer D 
2. I'm a good programmer D 
3. I'm an average programmer D 
4. I'm a beginner D 
5. I'm not a programmer D 
Question 3 
Before this evaluation session where you familiar with these or any other high-level in-
teroperability protocols? 
Yes D NoD 
Question 4 
If your answer to question 3 was yes, please specify which protocol(s) and your level of 
expertise based on the scale below (Example: Protocol Name - 2) : 













~rotocol: ______________________________________________________________________________________________ _ 
~rotocol: ______________________________________________________________________________________________ _ 
~rotocol: ______________________________________________________________________________________________ _ 













What kind of service(s) does 
protocol 1 provides/supports? 
Question 6 
On a scale of 1 - 10 , 1 being I 
still don't understand the 
protocol and 10 being I now 
have a good understanding 
of the protocol, rate your 
understanding of protocol I? 
1() 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 7 
On a scale of 1 - 10 , 1 being 
poor and 10 being very good, 
rate the writing/presentation 
style of protocol l. 
1() 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 8 
On a scale of 1 - 10 , 1 being 
easy and 10 being difficult, 
rate your idea of what an 
implementation of protocol 1 
service(s) would be. 
1() 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 9 
Question 5 
What kind of service(s) does 
protocol 1 provides/supports? 
Question 6 
On a scale of 1 - 10 , 1 being I 
still don't understand the 
protocol and 10 being I now 
have a good understanding 
of the protocol, rate your 
understanding of protocol 2? 
1 () 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 7 
On a scale of 1 - 10 , 1 being 
poor and 10 being very good, 
rate the writing/presentation 
style of protocol 2. 
1() 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 8 
On a scale of 1 - 10 , 1 being 
easy and 10 being difficult, 
rate your idea of what an 
implementation of protocol 2 
service(s) would be. 
1() 2() 3() 4() 5() 




What kind of service(s) does 
protocol 1 provides/supports? 
Question 6 
On a scale of 1 - 10 , 1 being I 
still don't understand the 
protocol and 10 being I now 
have a good understanding 
of the protocol, rate your 
understanding of protocol 3? 
1 () 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 7 
On a scale of 1 - 10 , 1 being 
poor and 10 being very good, 
rate the writing/presentation 
style of protocol 3. 
1() 2() 3() 4() 5() 
6() 7() 8() 9() 10() 
Question 8 
On a scale of 1 - 10 , 1 being 
easy and 10 being difficult, 
rate your idea of what an 
implementation of protocol 3 
service(s) would be. 
1() 2() 3() 4() 5() 












In your opinion, having a protocol that supports multiple high-level interoperability ser-
VIces IS: 
a) A great idea, since developers who implement one of the services (e.g. search) are likely 
to also implement the other service(s) (e.g. browsing and/or harvesting), and knowledge 
of the common framework may facilitate the overall process. 0 
b) A good idea, one option for multiple requirements. 0 
c) Unnecessary. The current situation works just fine. 0 
d) Bad idea, why mix the different services. It is simpler if each service is covered by an 
individual protocol. 0 
e) \Vill not work, in trying to cover too many areas the suite would end up not covering 
any of them properly. 0 
f) Nome of the above. 0 
If you chose option f, please elaborate on your choice. ______________________________________________ _ 
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